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FROM  NO.  2 
HARDWOOr  ' 


Abstract 

Long  length  cuttings  (up  to  60  inches)  are  obtainable  in  abundance 
from  No.  2  Common  oak  lumber.  Cutting  for  the  maximum  area  of  clear 
one  face  <C1F)  parts  18  to  60  inches  in  length,  we  found  that  46 
percent  of  all  the  cuttings  were  36  inches  long  or  longer.  The  recovery 
of  the  long  length  cuttings  did  not  reduce  the  overall  yield  of  parts 
produced  from  the  lumber.  Computer  simulation  of  conventional  rough 
mill  practices  was  based  on  a  detailed  analysis  of  4,500  board  feet  of 
No.  2  Common  oak  lumber. 
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INTRODUCTION 

§HOULD  YOU  use  No.  2  Common  hard- 
wood lumber  for  dimension  cuttings  that 
are  longer  than  40  inches?  The  industry  gen- 
erally says  "no",  but  we  believe  the  right  an- 
swer may  be  "yes".  With  current  practice,  a 
load  of  lumber  is  sawed  for  a  specified  order 
which  contains  a  limited  number  of  cutting 
sizes.  Processing  is  done  quickly,  and  the 
memory  and  judgment  of  the  saw  operator 
are  important.  A  40-inch  length  limit  is  ac- 
cepted as  a  maximum  for  No.  2  Common. 

What  is  commonly  done  and  what  is  pos- 
sible are  not  always  the  same.  To  find  out 
what  is  possible,  we  used  computer  simulation 
to  analyze  over  4,500  board  feet  of  No.  2 
Common  oak  lumber.  We  found  that  it  is 
possible  to  get  a  substantial  volume  of  40- 
inch  and  longer  clear  one  face  (ClF)'  cut- 
tings from  No.  2  Common  boards.  Our  results 


'"Clear  one  face"  as  defined  by  National  Hard- 
wood Dimension  Manufacturers  Association  shall  \>v 
clear  one  face,  both  edges  and  both  ends,  and  may 
contain  defects  of  a  sound  nature  on  the  reverse  side. 


represent  the  optimum  yield;  how  close  a  mill 
approaches  this  optimum  will  depend  on  the 
skill  and  efficiency  of  its  operators. 


THE  STL«. , 

Our  computer  simulation  study  is  an  ex- 
tension of  work  done  by  the  Forest  Products 
Laboratory  (FPL)  in  Madison,  Wisconsin 
(1,  2,  3,  4).  From  their  work  you  can  deter- 
mine the  volume  of  lumber,  by  grade,  that  is 
required  to  fill  a  specified  cutting  bill.  Multi- 
plying these  volume  estimates  by  the  cost  of 
lumber  gives  us  the  grade  of  lumber  with  the 
lowest  raw  material  cost. 

It  is  common  practice  in  the  furniture  in- 
dustry to  limit  the  length  of  cuttings  pro- 
duced from  No.  2  Common  lumber  to  40 
inches,  and  the  FPL  yield  data  reflect  this 
practice.  Their  predictions  of  dimension  stock 
yields  for  No.  2  Common  are,  therefore,  Hm- 
ited  to  cuttings  between  10  and  40  inches 
long.  We  extended  their  simulation  model  by 
increasing  the  minimum  cutting  length  from 
10   to    18   inches  and   the   maximum   length 


from  40  to  60  inches.  Both  of  these  changes 
would  normally  be  expected  to  reduce  the 
overall  yield. 

Computer  Simulation 

Our  computer  program  simulates  the  cut- 
ting up  of  a  board  into  dimension  parts  of 
specified  sizes,  maximizing  the  total  area  of 
the  cuttings  obtained  from  the  board.  The 
program  obtains  its  cuttings  in  a  manner 
compatible  with  conventional  rough  mill  cut- 
up  procedures.  For  example,  all  cuts  made 
must  run  the  full  width  or  length  of  the  board 
or  section  of  board  being  analyzed.  The  ini- 
tial cut  on  the  board  may  be  either  a  rip  or  a 
crosscut.  If  the  first  cut  is  a  rip,  then  the  rip 
line  must  run  the  entire  length  of  the  board. 
Likewise,  if  the  first  cut  is  a  crosscut,  it  must 
extend  across  the  entire  width  of  the  board. 


After  the  initial  cuts  are  made,  subsequent 
cuts  need  only  extend  across  the  length  or 
width  of  the  sections  of  the  board  produced 
by  the  original  cuts. 

The  desired  cutting  lengths  and  widths 
must  be  specified.  The  computer  program 
accommodates  up  to  10  widths  and  10  lengths 
and  will  allow  any  combination  of  them;  thus 
a  cutting  bill  of  100  different  sizes  is  possible. 
The  program  orders  the  cuttings  on  the  basis 
of  area,  the  cutting  having  the  largest  area 
being  ordered  first.  In  cases  where  the  cutting 
area  is  the  same  for  two  or  more  cuttings,  the 
longer  length  is  given  priority.  We  used  the 
following  sizes: 

Widths:     11/2,  2,  21/2,  3,  31/2,  4,  41/2,  5,  51/2, 

and  6  inches. 
Lengths:    18,  22,  24,  30,  32,  36,  40,  44,  48, 

and  60  inches. 


Figure   1. — Yield,  by  number  and  volume,  of  CIF  dimen- 
sion  parts  from   No.  2  Common  oak  lumber. 


i  NUMBER  OF  CUTTINGS 
B  VOLUME  OF  CUTTINGS 


22       24        30       32       36       40       44       48       60 
CUTTING  LENGTH  (INCHES) 
2 


800 


In  addition  to  the  specification  of  cutting 
sizes,  the  program  requires  input  data  on  the 
location  of  all  defects  within  each  board.  To 
provide  these  data,  we  collected  a  sample  of 
637  No.  2  Common  4/4  red  and  white  oak 
boards  and  recorded  the  locations  of  all  de- 
fects on  them.  Each  defect  was  coded  to  indi- 
cate the  type  of  defect  and  whether  it  occurred 
on  the  grade  side  or  the  back  side  of  the 
board.  Twenty-three  defect  types  were  rec- 
ognized and  recorded. 

Our  637-board  sample  contained  a  total 
volume  of  4,625  board  feet  in  boards  ranging 
from  4  to  16  feet  in  length  and  from  3  to  over 
16  inches  in  width.  The  sample  was  selected 
from  four  mills  (three  in  West  Virginia  and 
one  in  Virginia).  The  lumber  was  kiln  dried 
to  an  average  moisture  content  of  7  percent. 


RESULTS 


While  No.  2  Common  lumber  is  commonly 
used  to  produce  short  cuttings,  our  results 
show  that  there  is  a  higher  potential  for 
larger  length  cuttings  than  is  normally 
thought.  For  example  (fig.  1),  the  volume  re- 


covered in  60-inch  cuttings  was  four  times 
that  of  the  18-inch  cuttings  (806  versus  186 
board  feet).  In  fact,  each  of  the  cutting  length 
classes  36  inches  long  and  longer  contained 
more  volume  than  the  18-inch  class. 

One-third  (1,554  board  feet)  of  the  original 
board  volume  was  recoverable  in  cuttings  40 
inches  and  longer  (table  1).  The  60-inch 
cuttings  accounted  for  more  volume,  17.4 
percent,  than  any  of  the  other  cutting  lengths. 
It  is  important  to  note  that  the  high  yields  in 
these  longer  lengths  were  not  obtained  at  the 
expense  of  overall  yield  from  the  lumber.  Of 
the  total  board  volume  in  the  sample,  over 
half  (2,544  board  feet)  was  recoverable  in 
ClF  cuttings. 

In  addition  to  the  volume  of  cuttings  ob- 
tained, the  distribution  of  the  cuttings  by 
length  and  width  was  recorded  (table  2).  All 
100  possible  cutting  sizes  were  represented  in 
the  yield.  Only  15  percent  of  the  cuttings  re- 
covered would  be  classified  as  small  cuttings, 
that  is,  cuttings  less  than  24  inches  long  and 
also  less  than  3  inches  wide.  Eighty-five  per- 
cent of  the  total  number  of  cuttings  would 
therefore  be  classified  as  large.  The  60-inch 


Table  1. — Board  foot  volume  and  percent  yield  by  cuffing  length  of  ClF  dimension 
parfs  produced  from  a  representafive  sample  of  No.  2  Common  oak  lumber 


Cutting 

Yield  by  length  class 

Cumulative  Yield 

Board  foot 
volume 

(top 

Perc 
boa 

to  bottom) 

length 
( inches) 

Board  foot 
volume 

Percent  of  total 
board  volume" 

ent  of  total 
rd  volume 

60 

806 

17.4 

806 

17.4 

48 

357 

7.7 

1,163 

25.1 

44 

199 

4.3 

1,362 

29.4 

40 

192 

4.2 

1,554 

33.6 

36 

193 

4.2 

1,747 

37.8 

32 

160 

3.5 

1,907 

41.3 

30 

105 

2.3 

2,012 

43.6 

24 

219 

4.7 

2,231 

48.3 

22 

127 

2.7 

2,358 

51.0 

18 

186 

4.0 

2,544 

55.0 

Total 

2,544 

55.0 

— 

— 

Base: 

4,625  board  feet  of  lumber  input. 
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cuttings  alone  accounted  for  16.7  percent  of 
the  total  number  of  cuttings  produced. 

DiSGuSs 

These  results  suggest  that  the  yield  of  long 
cuttings  is  sufficient  to  make  No.  2  Common 
lumber  the  most  economical  choice  for  a  wide 
range  of  cutting  lengths.  Comparing  the  raw 
material  costs  to  produce  1,000  board  feet  of 
11/2  by  40  inch  ClF  parts  from  FAS,  No.  1 
Common,  and  No.  2  Common  oak  lumber,  we 
find: 


Grade 


FAS 

IC 

2C 


Yield 


61" 

47" 
34" 


Lumber 

required 

to  produce 

1.000 

board  feet 

of  parts 

bf 

1,639 

2,128 

2,941 


Lumber 
cost/Mbf 


$245 


Cost  of 

1,000 

board  feet 

of  parts 


$401 


135 
85 


287 
250 


"Percent  yield  taken  from  charts  in  reference  1. 
"Percent  yield  taken  from  table  1. 


Thus  on  the  basis  of  the  cost  of  raw  ma- 
terial only.  No.  2  Common  lumber  is  clearly 
the  most  economical  choice.  However,  a  com- 
plete economic  analysis  must  also  take  into 
consideration  the  manufacturing  system  and 
the  relative  costs  of  processing  different 
grades  of  lumber. 

The  present  method  of  converting  lumber 
to  dimension  parts  is  to  process  a  board 
through  a  series  of  crosscuts  and  rips  to  con- 
form to  a  particular  cutting  bill.  In  other 
words,  once  a  board  is  brought  into  the  sys- 
tem it  is  processed  through  to  completion. 
The  computer  simulation  program  we  used 
functions  in  the  same  way,  but  the  speed, 
accuracy,  and  analytical  capabilities  of  the 
computer  are  infinitely  greater  than  those  of 
the  saw  operator.  The  yields  were  high  for 


No.  2  Common  because  we  used  100  different 
cutting  sizes.  However,  we  cannot  expect  the 
yields  in  a  production  plant  to  equal  them;  a 
crosscut  operator  cannot  carry  100  different 
cutting  sizes  in  his  head  and  at  the  same  time 
keep  his  rate  of  production  and  yield  at  a 
satisfactory  level. 

No  manufacturing  system  can  change  the 
yield  potential  of  a  board,  but  one  can  affect 
the  probability  of  attaining  that  potential.  To 
realize  the  maximum  potential  of  long  cut- 
tings from  No.  2  Common  lumber,  changes 
must  be  made  in  the  present  manufacturing 
process.  The  length  and  width  distribution  of 
the  cuttings  obtained  from  our  sample  of  No. 
2  Common  lumber  justifies  additional  research 
to  develop  alternate  methods  of  processing 
lumber  into  dimension  parts.  Accordingly,  we 
have  started  to  investigate  the  effect  that 
rough  mill  cut-up  practices  have  on  the  re- 
covery of  long  length  cuttings  from  low  grades 
of  lumber.  We  have  designed  a  rough  mill 
computer  simulation  model  to  develop  a  set  of 
decision  rules  on  how  best  to  process  low- 
grade  lumber  into  dimension  parts. 

Although  the  quality  of  the  lumber  deter- 
mines what  cuttings  you  can  get,  the  saw 
operator  determines  what  you  will  get.  There- 
fore, whatever  decision  rules  are  developed 
must  be  easily  translatable  into  instructions 
that  can  be  put  into  practice  by  the  saw 
operator. 
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A  SPRAY  TO" 
For  the  Application  of 
MICROBIAL  AERI/ 


Abstract 

An  experimental  spray  tower  for  the  application  of  aerial  sprays 
is  described.  The  construction,  operation,  and  preliminary  calibra- 
tion are  detailed. 


INTRODUCTION 


^HE  TRANSLATION  of  laboratory- 
acquired  bioassay  data  into  field  dosage 
specifications  has  been  a  recurrent  problem  in 
insecticide  research  and  development  pro- 
grams. 

This  problem  is  further  complicated  by  the 
fact  that  microbial  insecticides  (with  which 
we  are  experimenting)  are:  (1)  usually  for- 
mulated as  water  suspensions,  thus  creating 
an  evaporation  problem  in  the  field  that  is  not 
encountered  in  laboratory  testing;  (2)  effec- 
tive only  when  eaten,  thus  requiring  thorough 
coverage  of  the  food  plant — a  major  problem 
in  the  forest,  but  of  negligible  consequence 
in  laboratory  testing;  (3)  presented  to  the 
test  larvae  in  the  laboratory  by  methods  that 
bear  little  resemblance  to  the  form  of  presen- 
tation  under   field   conditions — macrofeeding 


or  injection,  incorporation  of  known  concen- 
trations into  artificial  diet,  feeding  of  foliage 
dipped  into  known  concentrations,  or  care- 
fully controlled  application  by  hand  sprayer 
on  individual  leaves  or  small  bouquets. 

Laboratory  data  acquired  by  any  of  the 
above  techniques  are  often  extrapolated  to 
field  dosages.  Microorganisms  that  were  very 
promising  in  laboratory  tests  performed 
poorly  or  unacceptably  in  the  field. 

Extrapolation  of  laboratory  data  to  field 
dosage  selection  can  be  improved  by  creating 
an  artificial  forest  (placing  potted  trees  in 
open  fields)  and  spraying  from  aircraft,  or  by 
simulating  aerial  application. 

We  have  constructed  and  tested  a  spray 
tower  that  simulates  aerial  spray  deposit,  dis- 
tribution, penetration,  and  volume  per  acre. 


It  was  developed  from  a  rain  simulator  devel- 
oped by  Dr.  Bohdan  Maksymiuk  (1959). 
Four  trees,  1  to  5  feet  in  height  can  be  treated 
simultaneously. 

TOWER  SPECIFICATIONS 

Construction 

The  tower  is  constructed  of  framing-grade 
lumber  and  sheet  plywood  covering  (fig.  1). 
An  enclosed  operator's  platform  on  the  side 
houses  the  controls.  A  plexiglass  observation 
window  permits  the  operator  to  view  the 
spray  delivery  and  to  adjust  the  controls  as 
necessary.  Samples  are  introduced  to  and  re- 
moved from  the  chamber  by  double  doors. 
The  inside  of  the  chamber  is  8x8x11  feet. 


Figure    1. — Outside    view    oi    iower.    Doors 
are  shut  while  tower  is  in  operation. 


Figure  2. — Side  view  (control  panel).  A  r:  Transformer,  B  rr  Control 
panel  (electrical  switches),  C=  Outlets,  D  =  Fan  (20x20  in.  window), 
E   =   Observation  window,  and  F  —   Control  valves  (air). 


Power  Controls  and 
Equipment  Outside  Chamber 

A  control  panel  (figure  2)  is  built  into 
the  operator's  platform  near  the  plexiglass 
window.  Air  for  spray  delivery  is  piped 
through  copper  tubing  to  the  control  center 
on  the  tower  and  controlled  by  a  pressure 
regulator  with  a  gage  and  a  shutoff  valve 
within  easy  reach  of  the  operator. 

Equipment  within  the  Chamber 

An  explosion  proof  lighting  fixture  is 
mounted  at  the  top  back  of  the  chamber  so 
that  the  spray  drops  can  be  seen. 

A  20-inch  window  exhaust  fan  controlled 
by  a  rheostat  is  mounted  in  the  top  center  of 
the  chamber  and  baffled  to  produce  a  swirling 
airflow  into  which  the  spray  is  introduced. 

The  main  equipment  is  a  double  turntable 
device  for  exposing  test  specimens  equally  to 
the  spray  (fig.  3  and  4). 

It  consists  of  a  large  turntable  (72  inches 
in  diameter)  on  which  are  mounted  four 
smaller  turntables  (30  inches).  The  turn- 
tables were  made  of  %-inch  plywood  covered 
with  formica. 

The  large  turntable  is  supported  at  four 
cardinal  points  by  pillow  blocks  topped  with 
rubber   casters.    A    sheet-steel    track    on    the 


Figure    3. — Turntable,    showing    gear    box,    chain 
drive,   and   casters  for  support  of  turntable. 
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Figure  4.  —  Front  view  of  tower  .  A  = 
Transfornner,  B  =  Observation  window, 
C  =  Control  panel,  D  —  Nozzle,  E  = 
Fan,  F  =  Baffles,  G  =  Small  turntables, 
H  =  Large  turntable,  I  =  Gearbox  drive, 
and  J    =    Pillow  blocks. 


underside  of  the  turntable  reduces  friction 
between  the  turntable  and  the  casters.  These 
supports  keep  the  turntable  balanced  when 
the  load  on  it  is  unevenly  distributed. 

The  four  small  turntables  are  mounted  on 
the  large  turntable  at  90'  intervals.  Their 
shafts  pass  through  bearings  on  the  large 
turntable.  Sprockets  welded  on  the  shafts 
transmit  power  through  bicycle-type  chain 
from  the  big  turntable  shaft  to  the  four  small 
turntables. 

The  gear  ratio  is  fixed  .so  that  the  .small 
turntables  make  three  revolutions  for  each 
revolution  of  the  large  turntable.  The  chains 
have  idler  sprockets  to  keep  tension  constant 
at  all  times. 

Main  Power  Gearbox 

The  motor,  pulleys,  and  gears  were 
mounted  in  a  sheet  steel  box.  A  variable 
speed  pulley  on  the  gearbox  allows  the  rota- 
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Figure  5. — Power  system.  A  =  right  angle 
reducing  gearbox,  B  =:  Variable  speed 
adjustable  pulley,  C  =  Double  v-belt  and 
pulley  drive  to  turntables,  D  =  V-belt 
drive  from  motor  to  gearbox,  and  E  = 
Motor. 


tion  of   the   large  turntable  to   be  adjusted 
from  0  to  3  r.p.m.  (fig.  5). 

From  the  output  shaft  of  the  gearbox,  the 
power  is  transmitted  to  the  main  shaft  by 
double  pulleys  and  v-belts.  Double  idler  pul- 
leys keep  the  proper  tension  on  the  belts. 
This  belt  drive  allows  for  slippage  in  starting 
to  minimize  damage  to  other  parts.  A  list  of 
parts  is  given  in  Appendix  A. 

Spray  Deliuery 

The  spray  nozzle  is  mounted  by  the  opera- 
tor's window  and  pointed  into  the  airflow 
from  the  fan.  It  produces  a  round  spray 
pattern. 

Because  the  air  passing  through  this  nozzle 
produces  suction  at  the  liquid  entrance  port, 
precise  quantities  as  small  as  1  milliliter  of 
experimental  spray  materials  can  be  intro- 
duced into  the  spray  chamber.  This  system 
can  deliver  from  0.2  to  10  gallons  per  acre. 


TOWER  OPERATION 

1.  The  plant  material  to  be  sprayed  is  placed 
on  the  small  turntables.  Usually,  potted 
trees  1  to  4  feet  high  are  used.  Trees  of 
about  the  same  size  are  placed  180  de- 
grees apart  to  help  balance  the  turntables. 

2.  The  air  compressor  is  turned  on,  and  air 
pressure  is  adjusted  between  40  and  60 
p.s.i.  to  give  the  desired  droplet  size  range. 

3.  The  speed  of  the  large  turntable  is  ad- 
justed to  give  at  least  one  full  rotation 
during  delivery  of  the  selected  volume  of 
spray. 

4.  The  operator  takes  his  position  in  the 
operator's  platform.  The  plastic  line  with 
cannula  attached  to  the  liquid  entry  port 
of  the  spray  nozzle  is  placed  in  the  con- 
tainer holding  the  spray  to  be  delivered. 

5.  The  turntable  is  switched  on,  and  the  air 
valve  is  opened.  The  spray  is  then  deliv- 
ered into  the  spray  chamber. 

6.  When  all  the  spray  has  been  delivered, 
the  air  valve  is  closed.  The  plant  material 
remains  in  the  closed  tower  for  an  addi- 
tional 3  minutes. 

The  tower  is  best  operated  with  one  man 
to  place  and  remove  the  plant  material  while 
the  operator  remains  in  the  platform  to  over- 
see the  entire  operation  and  to  flush  the  sys- 
tem between  spray  changes.  The  spray  system 
is  disinfected  by  flushing  with  0.5  percent 
sodium  hypochlorite,  and  the  inside  of  the 
tower  is  washed  with  the  same  solution. 

The  total  cost  of  construction  of  the  tower 
was  about  $750. 


TOWER  CALIBRATION 

General  distribution  of  the  spray  from  the 
tower  was  measured  by  spraying  four  3 -foot 
trees  with  a  water-soluble  fluorescent  dye 
(Fire  Orange  A-14).  The  trees  were  examined 
under  ultraviolet  light  to  determine  the  uni- 
formity of  the  deposit.  No  attempt  was  made 
to  size  the  droplets  by  this  technique. 

Droplet  size  distribution  was  evaluated, 
using  the  technique  described  by  Fisher  and 


Figure   6. — Artificial   tree   for  spray 
calibration. 


Dougan  (1970).  This  system  uses  a  very 
viscous  butylene  polymer'  to  trap  the  spray 
droplets  and  an  image-splitting  eyepiece  to 
measure  droplet  size. 

Polymer-coated  slides  were  placed  into  wire 
holders  (Maksymiuk  1959)  and  were  intro- 
duced into  a  chamber.  They  were  sprayed 
with  50  milliliters  of  a  dye  suspension  which 
was  left  to  settle  for  3  minutes.  The  slides 
were  removed;  and  polymer-coated  cover  slips 
were  placed  on  top  of  them,  trapping  the 
spray  droplets  between  the  two  layers  of 
polymer. 


'Indopol  polybutene  #1900,  Amoco  Chemical  Cor- 
poration. The  use  of  trade,  firm,  or  corporation 
names  in  ttiis  puhlication  is  for  the  information  and 
convenience  of  ttie  reader.  Such  use  does  not  con- 
stitute an  official  endorsement  or  a|)provai  t)y  the 
U.  S.  Department  of  Agriculture  of  any  product  or 
service  to  the  exclusion  of  others  that  may  be 
suitable. 


A  stand  for  the  wire  holders  was  con- 
structed of  a  flat  12x1 2 -inch  plywood  base 
with  a  4x4-inch  piece  of  lumber  nailed  in  the 
center  at  90  degrees  to  form  an  upright. 
Holes  were  drilled  in  the  4x4-inch  board  at  a 
45-degree  angle.  Any  number  of  wire  card 
holders  can  be  placed  on  the  stand  at  any 
one  time.  When  all  the  wire  holders  are 
placed  on  the  stand,  it  takes  on  the  shape  of 
a  tree  (fig.  6). 

For  the  tower  calibration,  three  wire 
holders  were  placed  on  the  artificial  tree  at 
10,  20,  and  36  inches  from  the  small  turn- 
table. 

The  droplets  were  sized  in  five  categories 
(20/x  or  less,  21-40/.,,  41-80/,,  8I-I6O/1,  and 
greater  than  160/i).  These  data  are  presented 
in  Appendix  B.  The  cumulative  number  of 
drops  and  cumulative  drop  volume  were 
plotted  on  log-log  paper,  and  number  median 
diameter  (NMD)  and  mass  median  diameter 
(MMD)  were  read.  MMD's  produced  in  the 
tower  ranged  from  100  to  103  microns. 

SUMMARY 

As  evidenced  by  the  data  on  droplet  vol- 
ume and  distribution  (Appendix  B),  the 
spray  tower  produces  very  uniform  spray  pat- 
terns. The  mass  median  diameters  (MMD) 
at  the  three  levels  of  sampling  were  very 
close  and  fell  within  the  size  range  desired 
(80-125/0. 

The  results  of  the  construction  and  opera- 
tion of  the  tower  have  met  the  planned 
objectives. 

We  have  plans  to  further  test  this  unit  and 
make  modifications  as  needed. 
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APPENDIX  A 


List  of  Parts  Quantity 

1-inch  bore  sprockets  4 

1-inch  bore  sprocket  1 

iy4-inch  bore  sprocket  1 

1-inch  bore  pillow  blocks  4 

I'/i-inch  bore  pillow  block  1 

1-inch  shaft  collars  4 

IVi-inch  shaft  collar  1 

VS  113-300:  1  gear  redactor  mounting  assembly  1 
Eaton,  Yale  &  Towne  #6400M  V2-inch  bore  manually 

controlled  pulley   ( with  control  v-belt )  1 

%-inch  bore  pulley   (v-belt)  1 

lV4-inch  bore  double  pulley   (v-belt)  1 

%-inch  bore  double  pulley   (v-belt)  1 

Roller  chain  1 

General  Electric  1/4  hp  a.c.  1750  r.p.m.  115  v.  4.4  amp.  motor  1 

Morse  Serial  D8690131  Ratio  300  1/10  hp.  1750  r.p.m.  gearbox  1 
Spray  Systems  V4  JP  pneumatic  atomizing  nozzle,  setup  #11, 

fluid  nozzle  #2050,  air  nozzle  #67147  1 

The  use  of  trade,  firm,  or  corporation  names  in  this  publication  is  for  the  informa- 
tion and  convenience  of  the  reader.  Such  use  does  not  constitute  an  official  endorse- 
ment or  approval  by  the  U.  S.  Department  of  Agriculture  of  any  product  or  service  to 
the  exclusion  of  others  that  may  be  suitable. 


APPENDIX  B 


Table  1.  —  Droplet  number  and  volume  distribution,  series  I 


Size 
class 

Height 
of  tree 
sample 

Drops 

Total 
voliHne 

Volume 
as  percent 

Cumulative 

volume 
as  percent 

Number 
as  percent 

Cumulative 

number 
as  percent 

Microns 

20 

40 

80 

160 

>160 

In. 
36 

No. 

230 

123 

62 

27 
3 

Cubic 
microns 

963,447.0 

4,122,357.3 

16,623,247.8 

57,913,320.6 

6,434.813.4 

Pet. 

0.011 
.048 
.193 
.673 
.075 

Pet. 

0.011 
.059 
.252 
.925 

1.00 

Pet. 

0.52 
.27 
.14 
.06 
.01 

Pet. 

0.52 
.79 
.93 
.99 

1.00 

MMD 

101.0 

Total 

— 

445 

86,057,186.1 

20 

40 

80 

160 

>160 

20 

207 

99 

82 

22 

2 

867,102.3 

3,317,994.9 

21,985,585.8 

47,188,631.6 

4,289,875.6 

.011 
.043 
.283 
.608 
.055 

.011 
.054 
.337 
.945 
1.00 

.50 
.24 
.20 
.05 
.01 

.50 
.74 
.94 
.99 
1.00 

MMD 
101.2 

Total 

— 

412 

77,649,189.7 

20 

40 

80 

160 

>160 

10 

221 

92 

66 

29 

2 

925,746.9 

3,083,389.2 

17,695,715.4 

62,203,196.2 

4,289,875.6 

.010 
.035 
.201 
.705 
.049 

0.10 
.045 
.246 
.951 
1.00 

.54 
.22 
.16 

.07 
.01 

.54 
.76 
.92 
.99 
1.00 

MMD 

103.1 

Total 

— 

410 

88,197,923.3 

Table  2.  —  Droplef  number  and  volume  dhtrlbufion,  series  II 


Size 
class 


Microns 

20 

40 

80 

160 

>160 


Total 


Height 
of  tree 
sample 


Drops 


In. 
36 


Total 
volume 


Volume 
as  percent 


Cumulative 

volume 
as  percent 


Cumulative 
Number  number 

as  percent     as  percent 


No. 

724 

106 

51 

19 

2 


Cubic 

microns 

3,032,763.6 

3,552,600.6 

13,673,961.9 

40,753,818.2 

4,289,875.6 


Pet. 

0.046 
.054 
.209 
.624 
.066 


Pet. 

0.046 
.100 
.309 
.933 
.999 


Pet. 

0.80 
.12 
.05 
.02 
.01 


902 


65,303,019.9 


Pet. 

0.80 
.92 
.97 
.99 

1.00 


MMD 
100.3 


20 

40 

80 

160 

>160 


20 


600 

98 

60 

19 

5 


2,513,340.0 

3,284,479.8 

16,087,014.0 

40,753,818.2 

10,724,689.0 


.034 
.045 
.219 
.556 
.146 


.034 
.079 
.298 
.854 
1.00 


.77 
.12 
.08 
.02 
.01 


.77 
.89 
.97 
.99 
1.00 


MMD 
100.0 


Total 


782 


73,363,341.0 


20 

40 

80 

160 

>160 


10 


511 

98 

37 

8 

2 


2,140,527.9 
3,284,479.8 
9,920,325.3 
17,159,502.4 
4,289,875.6 


.058 
.089 
.270 
.466 
.116 


.058 
.147 
.417 
.883 
.999 


.78 
.15 
.06 
.01 
.00 


.78 

.93 

.99 

1.00 

1.00 


MMD 

101.4 


Total 


656 


36,794,711.0 


Table  3.  —  Droplet  number  and  volume  disfribution,  series  III 


Size 
class 


Height 
of  tree 
sample 


Drops 


Total 
volume 


Volume 
as  percent 


Cumulative 

volume 
as  percent 


Cumulative 
Number  number 

as  percent      as  percent 


Cubic 

Uicrons 

In. 

No. 

microns 

Pet. 

Pet. 

Pet. 

Pet. 

20 

36 

728 

3,049,519.2 

0.023 

0.023 

0.65 

0.65 

40 

" 

203 

6,803,565.3 

.052 

.075 

.18 

.83 

80 

" 

163 

43,703,054.7 

.334 

.409 

.14 

.97 

160 

" 

36 

77,217,760.8 

.590 

99.9 

.03 

1.00 

>160 

" 

0 

0 

.0 

.999 

0 

0 

MMD 

100.6 


Total 


1,130 


130,773,900.0 


20 

40 

80 

160 

>160 


Total 


20 

40 

80 

160 

>160 


Total 


20 


10 


466 

200 

107 

34 

0 


1,952,027.4 

6,703,020.0 

28,688,508.3 

72,927,885.2 

0 


807 


110,271,440.9 


724 


105,114,394.1 


.018 
.061 
.260 
.661 
0 


.018 
.079 
.339 
1.00 
1.00 


395 

1,654,615.5 

.016 

183 

6,133,263.3 

.058 

115 

30,833,443.5 

.286 

29 

62,203,196.2 

.592 

2 

4,289,875.6 

.041 

.016 
.074 
.360 
.952 
99.3 


.58 
.25 
.13 
.04 
0 


.55 
.25 
.16 
.04 
0 


.58 

.83 

.96 

1.00 

0 


.55 

.80 

.96 

1.00 

0 


MMD 
100.5 


MMD 

102.5 


THE  FOREST  SERVICE  of  the  U.  S.  Depart- 
ment  of  Agriculture  is  dedicated  to  the  principle  of 
multiple  use  management  of  the  Nation's  forest  re- 
sources for  sustained  yields  of  wood,  water,  forage, 
wildlife,  and  recreation.  Through  forestry  research, 
cooperation  with  the  States  and  private  forest 
owners,  and  management  of  the  National  Forests 
and  National  Grasslands,  it  strives  —  as  directed 
by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 
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The  Rate  of  Value  Increase 
for  SUGAR  MAPLE 


Abstract 

Presents  financial-maturity  information  for  sugar  maple,  based  on 
tree  growth  and  tree-quality  data  collected  in  Pennsylvania  and  West 
Virginia.  Detailed  rates  of  value  increase  and  dollar  value  increase 
to  be  expected  for  a  10-year  period  are  exhibited.  Marking  guides  in 
the  form  of  financial-maturity  diameters  are  developed.  The  eflfects  on 
financial  maturity  of  operating  at  different  levels  of  conversion  costs 
and  changing  costs  and  prices  are  analyzed. 
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BACKGROUND 

THIS  IS  THE  FOURTH  in  a  series  of  re- 
ports about  the  rate  of  value  increase  of 
the  more  important  hardwood  timber  species  in 
the  Northeast. 

These  reports  have  illustrated  the  relative 
importance  of  diameter  growth,  the  increase  in 
merchantable  height,  and  the  improvement  in 
quality  for  determining  present  and  future  tree 
value.  They  have  established  the  rates  at  which 
trees  can  be  expected  to  increase  in  value  over 
a  10-year  period  and  have  identified  the  rela- 
tive sizes  at  which  trees  become  financially  ma- 
ture. However,  most  important  of  all,  these  re- 
ports have  characterized  the  joint  relationship 
that  must  exist  between  silviculture  and  eco- 
nomics for  determining  the  financial  maturity 
of  trees  and  stands  for  timber  production. 

Throughout  the  production  of  these  reports, 
there  has  been  a  progressive  development  to- 
ward a  higher  order  of  timber-stand  evaluation. 

The  first  report— on  the  oaks— was  concerned 
primarily  with  the  development  of  methodol- 
ogy and  the  presentation  of  the  expected  rates 
of  value  inc'rease  and  financial  maturity  diam- 
eters. 

The  second  report— on  yellow-poplar  and 
beech— illustrated  the  differences  in  results  be- 
tween high-  and  low-value  species,  and  a  com- 
puter program  was  developed  to  produce  the 
multitude  of  calculations  necessary  for  the  val- 
uation of  a  single  species. 

The  third  report— on  black  cherry,  white  ash, 
and  red  maple— utilized  the  methodology  to  il- 
lustrate the  application  of  financial  maturity 
to  the  even-aged  management  of  intolerant 
species.  Detailed  tables  of  the  dollar-value  in- 
crease were  presented. 

This  fourth  report,  in  addition  to  presenting 
the  basic  tables  of  expected  rates  of  value  in- 
crease and  financial  maturity  diameters  and 
detailed  tables  on  the  rate  and  dollar  value  in- 
crease for  sugar  maple  (Acer  saccharum) ,  will 
show  how  different  levels  of  conversion  costs— 


and  the  dynamic  and  realistic  market  situa- 
tion of  changing  lumber  prices  and  conversion 
costs— affect  the  determination  of  financial 
maturity. 

THE  RATE  OF  VALUE 
INCREASE 

The  value  of  a  timber  tree  is  influenced  by  its 
diameter,  merchantable  height,  and  quality. 
Over  a  period  of  time,  we  can  expect  improve- 
ments in  these  elements  of  a  tree,  which  will  in- 
crease its  value.  Our  objective  is  to  determine 
the  rate  at  which  this  value  increase  takes 
place,  so  that  valid  comparisons  with  other 
financial  investments  can  be  made. 

The  rate  of  value  increase  is  calculated  by 
the  use  of  the  compound-interest  formula 


(l  +  r)" 


in  which 

r  is  the  rate  of  interest  (value  increase) . 

n  is  the  time  period  (10  years). 

V„  is  the  future  value  of  the  tree  at  the  end  of 

the  10-year  period. 
V,,  is  the  present  value  of  the  tree. 

It  is  evident  in  the  formula  that,  to  calculate 
the  rate  of  value  increase,  we  must  first  deter- 
mine the  present  and  future  value  of  the  tree. 
The  procedure  used  in  developing  the  present 
and  future  values  and  computing  the  rates  of 
value  increase  are  presented  in  detail  in  two 
earlier  research  papers  (Trimble  and  Mendel 
1969;  Mendel  and  Trimble  1969),  and  readers 
interested  in  the  details  of  this  procedure 
should  refer  to  one  of  these  publications. 

We  will  briefly  review  the  procedure,  primar- 
ily for  purposes  of  documentation  of  source 
material  and  data  used.  Figure  1  presents  a 
schematic  version  of  the  basic  procedure  when 
there  is  no  anticipated  change  over  the  10-year 
period  in  the  basic  price  of  4/4  No.  1  Common 
lumber  or  in  the  cost  of  converting  the  tree  into 
lumber. 


LUMBER-GRADE-RECOVERY    TABLE; 
PRICE   REPORTS    FOR   A   5-YEAR    PERIOD 


LUMBER 

GRADE 

RECOVERY 


PRICE 
RELATIVES 


SAMPLE-TREE    DATA: 
D.B.H.,    MERCHANTABLE 
LENGTH,    LOG    GRADES;' 
TREE-TAPER   TABLE 


BASE    PRICE    4/4     \ 
NO.   10  LUMBER/M/ 


CONVERSION    COSTS 
CURVED    BY    D.B.H. 


VOLUME   TABLE    } 


REGRESSION 
ANALYSIS:  _ 

T.Q,I.=  A  +  Bi  (D.B.H.) 
B^  (MERCH.  LENGTH) 


LOG    QUALITY 
INDEX 


TREE 

QUALITY 

INDEX 


MULTIPLY 


GROSS 
LUMBER 
VALUE/M 


SUBTRACT 


NET 
LUMBER 
VALUE/M 


MULTIPLY 


DIAMETER    GROWTH    PREDICTIONS; 
MERCHANTABLE-HEIGHT- 
GROWTH    PREDICTIONS; 
QUALITY-IMPROVEMENT   PREDICTIONS 


TREE 

CONVERSION 

VALUE 


PRESENT 

TREE  CONVERSION 

VALUE 

(Vo) 


FUTURE 

TREE  CONVERSION 

VALUE 

(Vn) 


(L  +  R)' 


Vn_ 
Vo 


SOLVE'  FOR   (R) 


RATE 

OF  VALUE 

INCREASE 

(R) 


AND 


DOLLAR 

VALUE 

INCREASE 

(Vn  -  Vo) 


Figure    I . — Calculation  of  the  rate  of  value  increase. 


Lumber-grade  recovery  data  for  sugar  maple 
by  log  grade  and  size-grade  combinations  were 
obtained  from  the  USDA  Forest  Products  Lab- 
oratory {Vaughan  and  others  1966).  Lumber 
prices  used  were  those  reported  in  the  Hard- 
wood Market  Report  (Lemsky  1962-66  and 
1968).  Prices  for  the  5-year  period  1962-66 
were  used  in  developing  the  price  relatives  for 
calculation  of  the  log-quality  index  (table  1). 
The  1968  report  was  used  to  determine  the 
base  price  of  $185  per  M  (1,000)  board  feet 
for  4/4  No.  1  Common  .sugar  maple.  This  was 
the  base  period  for  value  determinations. 

Sample-tree  data  for  determining  the  log- 
grade  relationship  between  the  butt  log  and 
the  upper  merchantable  logs  for  various  diam- 
eters were  obtained  from  144  sugar  maple  trees 
.selected  at  random  in  the  Appalachian  Region 
and  54  sugar  maple  trees  similarly  selected  in 
the  Allegheny  Region. 

In  this  study,  three  levels  of  conversion  costs 
were  recognized:  $60,  $70,  and  $80  per  M  board 
feet  for  a  16-inch  d.b.h.  tree  (table  2).  The 
costs  were  curved  by  tree  d.b.h. 's,  and  the  re- 
sults were  applied  by  tree  d.b.h.  classes  to  de- 
termine the  net  value  per  M  board  feet. 

Tree-conversion  value  was  calculated  by 
multiplying  the  net  value  per  M  board  feet  by 
the  volume  in  the  tree.  The  i/4-inch  Interna- 
tional volume  table  was  used  to  determine  the 
volumes.  Present  values  for  trees  can  be  read 
directly  from  the  tree-conversion  value  tables 
resulting  from  these  calculations. 

To  determine  future  value  of  the  tree  we 
must  establish  the  changes  that  can  occur  over 
the  10-year  period  in  diameter  growth,  mer- 
chantable height,  and  quality. 

A  study  of  385  sugar  maple  trees  from  12  to 
30  inches  d.b.h.  was  made  to  develop  equations 
for  estimating  the  10-year  diameter  growth  for 
each  vigor  class  in  northern  hardwood  stands 
(table  8,  in  appendix).  It  was  assumed  that 
vigor  class  would  remain  the  same  during  the 
next  10  years. 

To  guide  the  projection  of  log-height  in- 
crease, we  made  the  following  assumptions: 

1.  A  tree  growing  2.0  inches  d.b.h  and  more 
during  the  10-year  period  could  potentially 
grow  a  full  16-foot  log  in  merchantable 
height.  Trees  growing  less  than  2.0  inches 


Table  I. — Lumber  price  relatives  for  sugar  maple 


Lumber  grade 

Price  relative 

FAS 

$1.57 

SEL 

1.51 

No.   IC 

1.00 

No.  2C 

.45 

No.  3A 

.38 

No.  3B 

.27 

'  Based  on  1962-66  Hardwood  Market  Report  prices 
for  Appalachian  hardwoods,  f.o.b.  mills  in  the  area  of 
Johnson  City,  Tennessee.  4/4  plain-sawed  No.  1 
Common  grade  was  used  as  reference. 


Table  2. — Conversion  costs  for  hardwood  trees 


Tree  d.b.h. 

Cost  per 

( inches ) 

M  board  feet 

.$60.00  LEVEL 

12 

$68.80 

14 

64.40 

16 

60.00 

18 

55.60 

20 

51.20 

22 

46.80 

24 

43.40 

26 

42.25 

28 

41.85 

30 

41.75 

$70.00  LEVEL 

12 

78.85 

14 

74.50 

16 

70.00 

18 

65.70 

20 

61.35 

22 

57.00 

24 

53.50 

26 

52.25 

28 

51.95 

30 

51.85 

$80.00  LEVEL 

12 

88.80 

14 

84.40 

16 

80.00 

18 

75.55 

20 

71.15 

22 

66.80 

24 

63.35 

26 

62.10 

28 

61.75 

30 

61.65 

d.b.h.  in  10  years  were  limited  to  a  i/^-log 
increase  in  merchantable  height. 

2.  Since  log-height  increases  are  related  to  the 
diameter  of  the  tree,  the  following  limita- 
tions were  made  for  computation  purposes. 


Present  Tree  height  classes 

d.b.h.  that  will  not  increase 

(inches)  in  height  in  next  10  years 

18  l-log  trees 

20  1-  and  IVa-log  trees 

22  1-,  IV^-  and  2-log  trees 

24  1-,  11/2-,  2-,  and  21/2-log  trees 

26  No  increase  in  log  height  for  any  trees 

26  inches  d.b.h.  or  over 

3.    Maximum  log  height  used  in  the  computa- 
tion was  64  feet. 

The  assumptions  about  quahty-improve- 
ment  predictions  were: 

1.  The  maximum  butt-log  grade  improvement 
would  be  one  grade  class. 

2.  In  trees  larger  than  15  inches  d.b.h.,  no  im- 
provement was  computed  for  trees  with  butt 
logs  of  construction  or  local-use  class. 

3.  The  probability  of  butt-log  quality  im- 
provement is  very  low  for  sugar  maple  trees 
of  large  diameter.  No  butt-log  quality  im- 
provement was  computed  for  trees  over  27 
inches  d.b.h. 

Thus  once  the  physical  measurements  of  the 
future  tree  are  calculated  under  the  preceding 
predictions,  and  assuming  that  the  price  of  4/4 
No.  1  Common  lumber  and  conversion  costs 
remain  the  same,  the  future  value  can  be  deter- 
mined from  the  tree-conversion  value  table, 
and  the  rate  of  value  increase  can  be  obtained 
by  solving  the  compound-interest  formula. 

THE  BASIC  SITUATION 

Given  the  data  already  developed,  we  can 
now  calculate  the  rate  of  value  increase  for  the 
basic  situation;  that  is,  a  situation  in  which 
prices  and  conversion  costs  are  assumed  to  re- 
main unchanged  over  the  10-year  period,  and 
conversion  costs  are  determined  to  be  at  the 
median  level  of  $70  per  M  board  feet.  This  is 
the  situation  presented  in  previous  publica- 
tions on  the  rate  of  value  increase,  thus  allow- 
ing for  comparison  between  species. 

The  rates  of  value  increase  and  the  corre- 
sponding dollar  value  increases  were  calculated 
by  2-inch  classes  for  trees  ranging  in  size  from 
12  to  30  inches  in  d.b.h.  For  this  specific  situa- 
tion in  price  of  4/4  No.  1  Common  lumber  and 
conversion  costs,  more  than  a  thousand  calcula- 
tions were  necessary.  It  is  apparent  that  such 
voluminous  data  must  necessarily  be  summar- 
ized. 


The  Rate  of  Value  Increase 
of  Individual  Trees 

Some  generalities  about  the  rate  of  value  in- 
crease for  individual  trees  as  reported  in  detail 
in  the  previous  publications  have  held  true  for 
sugar  maple  trees.  They  are: 

1.  The  rate  of  value  increase  is  less  for  trees 
with  larger  diameters  and  of  higher  quality. 
That  is,  for  trees  of  higher  value  at  the  be- 
ginning of  the  period  under  consideration 
(V„),  we  can  expect  to  get  lower  rates  of 
value  increase  (r)  at  the  end  of  the  time 
period  (n).  There  is  a  point  in  time  at 
which  these  high-value  trees  will  fail  to  pro- 
duce a  rate  of  value  increase  equal  to  the 
alternative  rate  of  return.  This  is  the  point 
of  financial  maturity. 

2.  Trees  of  higher  vigor,  which  therefore  have 
a  greater  diameter  growth  rate,  have  a 
higher  rate  of  value  increase.  Diameter 
growth  is  an  important  contributor  to  the 
increase  in  value,  and  these  calculations 
place  a  value  on  it  and  serve  to  substantiate 
the  important  silvicultural  desirability  of 
selecting  trees  of  high  vigor  as  crop  trees. 

3.  Improvement  in  tree  quality  over  the  10- 
year  period  results  in  a  higher  rate  of  value 
increase.  These  calculations  indicate  not 
only  the  improved  rate  of  value  increase 
but  also  the  dollar  value  of  an  improvement 
in  quality.  The  ability  to  select  prospective 
crop  trees,  not  only  on  the  basis  of  volume 
but  also  for  prospective  future  quality,  con- 
tributes immeasurably  to  the  financial  suc- 
cess of  the  timber-growing  enterprise. 

4.  Trees  with  greater  merchantable  height,  or 
trees  that  increase  in  merchantable  height, 
usually  have  a  higher  rate  of  value  increase. 
In  some  instances,  trees  will  have  very  low- 
quality  upper  logs  that  have  negative 
values,  thus  reducing  the  rate  of  value  in- 
crease. 


Expected  Rates 
of  Value  Increase 

What  are  the  rates  of  value  increase  we  can 
expect  from  sugar  maple  trees  of  various  diam- 
eters, which  grow  at  different  rates  and  may  or 
may  not  improve  in  quality  over  the  10-year 


Table   3. — Expecied   rate  of  value   increase  for  sugar  maple  frees, 
price  and   conversion  costs  remaining  stable  ' 

[In  percent] 


D.b.h. 

(inches) 


Due  to  growth  only 


Due  to  growth  and 
quality  increase- 


Vigor  I     Vigor  II    Vigor  III 


Vigor  I       Vigor  II     Vigor  III 


12 
14 
16 
18 
20 
22 
24 
26 
28 
30 


V„ 


V„ 


PRICE  NO.  IC 
CONVERSION  COSTS 


$185/M 


$185/M 


70/M 


70/M 


12 







30-60 

28-57 

26-54 

14 

6-12 

5-8 

3-7 

12-26 

11-24 

9-21 

16 

4-11 

3-8 

2-6 

10-19 

8-18 

7-15 

18 

3-  7 

3-5 

2-4 

7-14 

7-13 

6-12 

20 

3-  5 

2-4 

1-3 

6-13 

6-12 

5-10 

22 

2-  4 

2-3 

1-3 

6-10 

5-10 

4-  9 

24 

2-  3 

1-3 

1-2 

5-  9 

4-  8 

4-  8 

26 

2 

1 

1 

4-  7 

4-  6 

4-  6 

28 

1-  2 

1 

1 

fM 

(M 

1  '  1 

30 

1 

1 

1 

(') 

(M 

(  ') 

PRICE  NC 

».  IC 

v., 

V„ 

$185/M 

$185/M 

CONVERSION  COSTS 

60/ M 

60 /M 

12 

_ 

_ 

_ 

17-26 

15-21 

14-20 

14 

6-12 

4-8 

3-7 

11-23 

9-19 

8-17 

16 

4-11 

3-7 

2-6 

9-17 

7-13 

6-12 

18 

3-  7 

3-5 

2-4 

6-13 

6-11 

5-10 

20 

3-  5 

2-4 

1-3 

6-11 

5-10 

4-  8 

22 

2-  4 

2-3 

1-3 

5-  9 

4-  8 

4-  S 

24 

2-  3 

1-2 

1-2 

4-  8 

3-  7 

3-  7 

26 

2 

1 

1 

4-  6 

3-  6 

3-  6 

28 

1-  2 

1 

1 

(M 

(') 

(M 

30 

1-  2 

1 

1 

(M 

(*) 

(*) 

Vo 


v„ 


PRICE  NO.  IC 
CONVERSION  COSTS 


$185/M         $185/M 


80/M 


80  .'M 


7-13 

6-9 

4-7 

5-11 

4-8 

2-6 

3-  8 

3-5 

2-4 

3-  5 

2-4 

1-3 

3-  4 

2-4 

1-3 

2-  3 

1-3 

1-2 

2 

1 

1 

1-  2 

1 

1 

1-  2 

1 

1 

15-81 

13-77 

12-74 

11-34 

10-32 

9-29 

8-20 

8-19 

7-18 

7-16 

6-15 

5-13 

6-13 

5-12 

4-11 

5-10 

4-  9 

4-  9 

4-  8 

4-  8 

4-  7 

(') 

(') 

C) 

C) 

(  ') 

(') 

'  Based  on  4/4  factory-grade  lumber  recovery.  These  rates  can  have  a  variation 
of  1  to  2  percent  due  to  differences  in  location,  volume  estimates,  and  quality  esti- 
mates. 

'  The  high  portion  of  the  range  in  rates  is  due  largely  to  low-grade  trees  that 
have  a  low  present  value  and  thus  produce  a  relatively  high  rate  of  value  increa.se 
when  considered  in  the  ratio  V„/Vo.  For  this  reason  butt-log  grade-3  logs  have  not 
been  considered  in  the  estimates  "due  to  growth  only". 

'The  high  rates  of  value  increase  in  the  12-  to  16-inch  diameter  classes  are  due 
to  two  factors:  (1)  the  butt-log  grade-3  trees  becoming  positive  in  present  value, 
and  (2)  the  improvement  of  butt-log  grade-3  to  butt -log  grade-2. 

*  No  quality  improvement  in  trees  larger  than  27  inches  d.b.h. 


period?  The  answer  to  this  question  is  provided 
in  table  3,  in  which  are  summarized  the  ex- 
pected rates  for  the  situation  in  which  both  the 
price  of  4/4  No.  1  Common  lumber  and  the  con- 
version costs  of  $70  per  M  board  feet  remain 
stable  throughout  the  10-year  period. 

The  expected  rates  of  value  increase  are  pre- 
sented as  a  range  of  rates  by  2-inch  d.b.h 
classes  for  each  of  the  three  vigor  classes.  Fur- 
ther, table  3  is  subdivided  into  two  sections, 
which  present  the  rates  for  trees  in  which 
growth  alone  is  expected  and  for  trees  in  which 
both  growth  and  improvement  in  quality  are 
expected  over  the  10-year  period. 

Two  features  of  the  table  are  especially  note- 
worthy. First,  note  the  decreasing  rates  as 
diameters  of  the  trees  increase.  Trees  24  inches 
d.b.h.  and  over,  with  growth  only,  earn  at  best 
a  rate  of  value  increase  of  3  percent.  Second, 
note  the  increase  in  the  rate  when  an  improve- 
ment in  quality  occurs  over  the  10-year  period. 
This  again  emphasizes  the  importance  of  iden- 
tifying trees  with  potential  grade  improvement 
when  marking  the  stand  for  cutting  or  when 
selecting  crop  trees. 

An  expanded  version  of  the  expected  rate  of 
value  increase  for  this  basic  situation  appears 
in  table  9  (in  appendix). 

Financial-Maturity 
Marking  Guide 

The  rate  of  value  increase  is  a  measure  of  a 
tree's  earning  power.  It  can  be  used  to  develop 
marking  guides  for  selection  cutting  under  un- 
even-aged systems  and  for  improvement  cut- 
ting in  previously  unmanaged  stands.  The 
guide  is  presented  in  tabular  form  for  the  alter- 
native rates  of  return  of  2,  4,  and  6  percent 
and  for  each  of  the  three  vigor  classes  (table  4). 

The  diameters  shown  are  the  maximums  that 
will  earn  the  indicated  interest  rates  over  the 
next  10  years.  Trees  grown  to  diameters  greater 
than  indicated  will  fail  to  produce  the  alterna- 
tive rate  of  return.  Note  that  this  table  is  based 
on  diameter  growth  alone.  Where  grade  im- 
provement or  log-height  increase  is  probable 
over  the  next  10  years,  these  diameters  should 
be  adjusted  upward.  When  using  financial  ma- 
turity as  a  guide  to  harvesting,  give  full  con- 
sideration to  silvicultural  and  management  re- 
quirements. 


Table  4. — Sugar  Maple  diameters  for  financial 
maturity,  based  on  value  increase  deter- 
mined by  diameter  growth  alone' 

[In  inches] 


Percent  return 
Vifnr 

class                           2 

4 

6 

Vo 

V„ 

PRICE  NO.  IC  LUMBER 

CONVERSION  COSTS 

I                         27 

II                        23 

III                        20 

$185/ M 

70/ M 

19 
16 
14 

$185/ M 

70/ M 

16 
14 

V„ 

Vn 

PRICE  NO.  IC  LUMBER 

CONVERSION  COSTS 

I                        26 

II                        22 

in                        20 

$185/ M 

60/ M 

18 
16 
14 

$185/ M 

60/ M 

15 
14 

Vo 

V„ 

PRICE  NO.  IC  LUMBER 

CONVERSION  COSTS 

I                        27 

II                        24 

III                        22 

$185/ M 

80/M 

20 
18 
16 

$185/ M 

80/M 

17 
15 

14 

Vo 

Vn 

PRICE  NO.  IC  LUMBER 

CONVERSION  COSTS 

I                        29 

II                        25 

III                        23 

$185/ M 
70/ M 

20 

18 
15 

$185/ M 

60/ M 

16 
15 
13 

V» 

V. 

PRICE  NO.  IC  LUMBER 

CONVERSION  COSTS 

I                        24 

II                        22 

III                        18 

$185/M 

70/ M 

17 
15 

$195/M 

80/M 

14 
13 

Vo 

Vn 

PRICE  NO.  IC  LUMBER 

(CONVERSION  COSTS 

I                        32 

II                        30 

III                        29 

$185/M 

70/ M 

22 
20 

18 

$195/ M 

60/ M 

17 
16 

15 

'  Based  on  trees  with  butt-log  grades  of  1  and  2. 

Dollar  Value  Increase 

Some  forest  land  managers  may  have  a 
greater  concern  for  the  dollar  earning  capacity 
of  their  holdings  than  for  the  rate  of  value  in- 
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crease.  The  actual  dollar  increases  in  conver- 
sion value  to  be  expected  over  a  10-year  period 
through  increases  in  diameter,  merchantable 
height,  and  quality  improvement  are  presented 
in  table  10  (in  appendix). 

In  general,  trees  with  larger  diameters, 
greater  merchantable  heights,  or  higher  log 
quality  will  have  greater  dollar  value  increases 
during  the  10-year  period  (fig.  2). 

This  is  opposite  of  what  was  true  for  the  rate 
of  value  increase.  For  trees  of  larger  diameters, 
of  greater  merchantable  height,  or  of  higher 
quality,  we  can  expect  that  the  rates  of  value 
increase  will  be  lower  for  the  10-year  period 
(fig.  3). 

You  must  understand  the  difference  between 
the  dollar  value  increase  table  and  the  rate  of 
value  increase  tables.  The  dollar  value  increase 
tables  account  for  the  increases  in  the  value 
of  the  tree  because  of  the  additional  value 
that  results  from  expected  increases  in  diam- 
eter, merchantable  height,  or  improvement  in 
quality.  The  rate  of  value  increase  table,  on 
the  other  hand,  accounts  for  the  initial  in- 
vestment in  capital  (the  value  of  the  tree  at 
the  beginning  of  the  10-year  period)  that  must 
be  made  to  attain  the  dollar  value  increase 
(value  added  at  the  end  of  the  10-year  period). 
The  rate  of  return  on  the  investment  (rate  of 
value  increase)  over  the  10-year  period  is  de- 
termined by  the  relationship  between  the 
values  at  the  beginning  and  end  of  the  time 
period. 


Figure  2. — Relation  of  dollar  value  increase 
to  d.b.h.  over  a  10-year  period.  Based  on 
trees  of  vigor  I,  butt-log  grade  I,  and  32 
feet  merchantable  height. 


Figure    3. — Relation 
crease  to  d.b.h. 


of    rate    of    value 
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It  is  the  timberland  owner  alone  who  must 
determine  the  financial  objectives  of  his  owner- 
ship. Will  it  be  dollar  value  increase  regardless 
of  the  amount  of  capital  investment?  Or  will 
it  be  a  prescribed  rate  of  return  on  the  capital 
investment? 


THE  RATE  OF  VALUE 

INCREASE  IN  A  DYNAMIC 

MARKET  SITUATION 

The  basic  situation  we  have  discu.ssed  por- 
trays only  one  of  the  many  real-life  situations 
encountered  in  a  dynamic  market.  We  can  ex- 
pect to  have  fluctuations,  both  up  and  down, 
in  the  price  of  No.  1  Common  lumber  and  con- 
version costs  over  the  10-year  period.  How 
these  fluctuations  affect  the  expected  rate  of 
value  increase  and  the  financial-maturity  diam- 
eters are  worth  further  consideration. 

We  modified  our  procedure  (fig.  1)  to  ac- 
count for  pro.spective  changes  in  price  and  costs 
(fig.  4).  This  adaptation  did  not  require  any 
great  change  in  methodology.  All  that  was  nec- 
essary was  an  additional  series  of  separate  cal- 
culations based  on  the  new  price  and  conversion 
cost  to  determine  the  future  tree-conversion 
value.  The  important  factor  is  the  influence  of 
costs  and  price  on  the  rate  of  value  increase 
and  what  it  means  in  terms  of  financial  matur- 
ity. 
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The  Influence  of  Conversion  Cost 

Of  all  the  factors  that  bear  on  the  rate  of 
value  increase,  the  one  most  subject  to  manip- 
ulation and  change  is  conversion  cost.  Standing 
timber  trees  of  the  same  size  and  quality  may 
not  necessarily  have  the  same  value  because 
of  the  conversion  costs  involved.  Location  of 
the  timber  tract,  difficulties  of  logging,  prox- 
imity to  roads  and  mills,  and  efficiency  of  the 
mills  all  play  a  role  in  determining  the  value 
of  the  timber  and  the  return  on  the  capital 
that  the  owner  has  invested  in  the  standing 
timber.  One  can  easily  conceive  of  a  rather 
large  number  of  different  conversion  costs  gen- 
erated by  a  variety  of  combinations  of  such 
factors. 

It  is  for  this  reason  that  we  have  shown  three 
levels  of  conversion  costs  (table  2),  which  we 
hope  encompass  the  wide  spectrum  of  possible 
costs.  We  wanted  to  illustrate  the  influence  of 
these  different  levels  of  cost  on  the  rate  of 
value  increase  and  on  financial  maturity  diam- 
eters. So  we  investigated  the  rates  and  diam- 
eters resulting  from  two  situations  in  which 
the  conversion-cost  levels  were  at  $60  and  $80 
per  M  board  feet  and  remained  stable  through- 
out the  entire  10-year  period  (tables  3  and  4). 

We  should  also  mention  that  the  basic  situ- 
ation, which  we  previously  discussed  in  detail, 
is  a  similar  situation,  with  conversion  costs  at 
the  $70  level  ( tables  3  and  4 ) . 

An  analysis  of  the  expected  rates  of  value 
increase  for  these  three  situations  reveals  a 
unique  relationship  between  conversion  costs 
and  the  rate  of  value  increase,  which  is  not  read- 
ily apparent  nor  eminently  logical.  The  lower 
the  conversion  costs  (as  long  as  they  remain 
the  same  at  the  beginning  and  end  of  the  pe- 
riod) ,  the  lower  the  rate  of  value  increase.  And 
conversely,  the  higher  the  conversion  costs,  the 
higher  the  rates  of  value  increase.  What  actual- 
ly occurs  is  that  lower  conversion  costs  result 
in  higher  value  of  the  standing  timber,  with  a 
resulting  increased  capital  investment  carried 
on  through  the  10-year  period  and,  therefore, 
a  lower  rate  of  value  increase.  The  absolute  re- 
verse is  true  for  higher  conversion  costs. 

Table  3  indicates  that  for  every  $10  per  M 
board  feet  increase  in  conversion  costs,  there 
is  1 -percent  or  less  increase  in  the  expected  rate 
of  value  increase.  These  increases  are  especially 


small  in  the  24-  to  30-inch  diameter  classes,  in 
which  the  expected  rates  in  the  "due-to-growth 
only"  section  are  almost  identical  for  all  three 
levels  of  conversion  costs. 

The  influence  of  conversion  costs  is  some- 
what more  evident  in  the  financial-maturity 
tables  (table  4).  For  every  $10  per  M  board 
feet  increase  in  conversion  costs,  financial-ma- 
turity diameters  increase  about  1  inch,  indi- 
cating that  in  stands  with  higher  conversion 
costs— such  as  in  remote  areas  or  with  steeper 
slopes  or  with  longer  hauls  to  the  mills-the 
trees  would  be  retained  to  larger  sizes  to  reach 
financial  maturity. 

We  investigated  one  other  situation  regard- 
ing conversion  costs:  a  reduction  of  $10  per  M 
board  feet  during  the  10-year  period  (table  5). 
Logically,  such  a  reduction  could  occur  as  a 
result  of  efficiencies  in  harvesting  or  in  trans- 
portation, or  as  a  result  of  innovations  in  mill- 
ing. The  effect  is  an  improvement  of  1  to  3  per- 
cent in  the  expected  rate  of  value  increase  as 
compared  to  that  of  the  basic  situation.  The 
improvement  would  be  inversely  proportional 
to  the  d.b.h.  of  the  tree.  That  is,  as  the  d.b.h. 
increases,  the  magnitude  of  the  improvement 
decreases.  In  sugar  maple  trees  of  20  inches 
d.b.h.  or  larger,  the  differences  between  the  two 
situations  amount  to  1  percent  (table  5). 

This  reduction  of  $10  per  M  board  feet  in 
conversion  costs  also  has  a  significant  effect  on 
financial-maturity  diameters.  When  these 
diameters  are  the  guiding  influence  in  deter- 
mining the  maturity  of  sugar  maple  trees  or 
stands,  the  advantages  of  a  reduction  in  con- 
version costs  are  evident.  Sugar  maple  trees 
under  such  a  situation  can  be  grown  to  a 
larger  diameter  before  they  achieve  financial 
maturity.  Increases  of  1  to  3  inches  in  d.b.h. 
are  calculated  for  the  different  alternative  rates 
of  return  as  compared  to  those  in  the  basic  sit- 
uation (table  4). 


The  Influence  of  Prices 

The  price  of  4/4  No.  1  Common  lumber  is 
also  an  influencing  factor  in  determining  finan- 
cial maturity  of  timber  trees  and  stands.  How- 
ever, it  is  considerably  different  from  conver- 
sion costs.  For  the  most  part,  it  is  beyond  the 
control  of  the  timber  grower,  operator,  or  saw- 
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Table   5 — Expected  rate  of  value  Increase  for  sugar  maple  trees, 
price  remaining  stable  but  conversion  costs  decreasing  ^ 

[In  percent] 


Due  to  growth  only 


Due  to  growth  and 
quality  increase" 


±J.U.ll. 

(inches) 

Vigor  I 

Vigor  II 

Vigor  III 

Vigor  I 

Vigor  II 

Vigor  III 

12 







'33-64 

31-61 

29-59 

14 

8-15 

7-11 

6-9 

14-29 

12-27 

11-24 

16 

6-13 

5-  8 

4-8 

11-21 

10-20 

9-17 

18 

5-  9 

4-  7 

3-6 

9-16 

8-15 

7-14 

20 

4-  6 

3-  5 

3-5 

8-15 

7-14 

6-12 

22 

3-  5 

3-  5 

2-4 

6-12 

6-11 

5-11 

24 

3-  4 

2-  4 

2-3 

6-10 

5-  9 

4-  9 

26 

2-  3 

2-  3 

2-2 

5-  8 

4-  8 

4-  8 

28 

2-  3 

2-  2 

1-2 

(*) 

C) 

(*) 

30 

2-  3 

1-  2 

1-2 

n 

n 

(') 

^  Based  on  4/4  factory-grade  lumber  recovery  under  the  following  circumstances: 

V„  V„ 


Price  No.  IC  —  $185/M         $185/M 

Conversion  costs    —       70/M  60/M 

These  rates  can  have  a  variation  of  1  to  2  percent  due  to  differences  in  location, 
volume  estimates,  and  quality  estimates. 

-  The  high  portion  of  the  range  in  rates  is  due  largely  to  low-grade  trees  that  have 
a  low  present  value  and  thus  produce  a  relatively  high  rate  of  value  increase  when 
considered  in  the  ratio  V„/V„.  For  this  reason  butt-log  grade-3  logs  have  not  been 
considered  in  the  estimates  "due  to  growth  only". 

''  The  high  rates  of  value  increase  in  the  12-  and  14-inch  diameter  classes  are  due 
to  two  factors:  (1)  the  butt-log  grade-3  trees  becoming  positive  in  present  value, 
and  (2)  the  improvement  of  butt-log  grade-3  trees  to  butt-log  grade-2. 

*  No  quality  improvement  in  trees  larger  than  27  inches  d.b.h. 


mill  man,  as  it  is  subject  to  the  intricacies  of 
supply  and  demand  of  the  market  place. 

The  effect  of  a  price  increase  is  similar  to  a 
reduction  in  conversion  costs.  An  increase  of 
$10  per  M  board  feet  in  the  price  of  4/4  No.  1 
Common  lumber  would  have  an  effect  on  finan- 
cial maturity  similar  to  that  of  a  reduction  of 
$10  per  M  board  feet  in  conversion  costs.  Either 
of  these  changes,  occurring  during  the  10-year 
period,  would  result  in  an  improvement  in  the 
rate  of  value  increase. 

So  rather  than  duplicate  the  findings  we  had 
in  our  analysis  of  conversion  costs,  we  extended 
our  investigation  to  include  two  situations  in 
which  both  price  and  conversion  costs  changed 
during  the  10-year  period  (tables  6  and  7). 

The  first  analysis  depicts  a  situation  that 
would  occur  during  an  inflationary  period  char- 
acterized by  rising  lumber  prices  as  well  as  in- 
creased conversion  costs.  We  assumed  that  both 
lumber  prices  and  conversion  costs  would  in- 
crease by  $10  per  M  board  feet.  The  expected 
rates  of  value  increase  under  such  assumptions 
would  be  about  1  percent  less  than  those  cal- 


culated in  our  basic  situation  of  stable  price  and 
conversion  costs.  Also,  financial-maturity  diam- 
eters would  be  reduced  by  1  to  2  inches.  Thus, 
in  this  inflationary  situation  under  which  lum- 
ber prices  rose  only  5.4  percent  and  conversion 
costs  rose  14.3  percent,  standing  timber  would 
approach  financial  maturity  at  an  earlier  date, 
and  diameter  limits  would  be  lower  than  those 
calculated  for  a  stable  economy. 

A  number  of  different  situations  with  rising 
prices  and  conversion  costs  can  easily  be  visual- 
ized to  which  a  rule  of  thumb  can  be  applied. 
When  a  combination  of  rising  lumber  prices 
and  conversion  costs  are  such  that  the  net  value 
of  the  lumber  is  reduced  (as  in  the  above  sit- 
uation), financial  maturity  is  at  an  earlier  pe- 
riod and  financial  maturity  diameters  are  lower. 
When  the  combination  of  lumber  prices  and 
conversion  costs  are  such  that  the  net  value  of 
the  lumber  is  increased,  financial  maturity  is  at 
a  later  period  and  financial-maturity  diameters 
are  higher  than  those  of  the  basic  situation. 

The  second  situation  we  investigated  was  a 
rather  idealistic  one.  Prices  were  assumed  to 
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Table  6. — Expected  rate  of  value  increase  for  sugar  maple  trees, 
prices  and  conversion  costs  increasing  ^ 

[In  percent] 


Due  to  growth  and 

D  bh 

Due  to 

1  growth  only 

quality  increase" 

( inches ) 

Vigor  I 

Vi 

igor  II 

Vigor  III 

Vigor  I 

Vigor  II 

Vigor  III 

12 

— 

— 

— 

••'29-58 

27-54 

25-52 

14 

5-11 

4-7 

2-6 

12-24 

10-23 

9-20 

16 

4-10 

3-7 

2-6 

9-18 

8-16 

7-14 

18 

3-  7 

2-5 

2-4 

7-14 

6-12 

5-11 

20 

3-  4 

2-3 

1-3 

6-12 

5-11 

4-  9 

22 

2-  4 

2-3 

1-3 

5-10 

5-  9 

4-  9 

24 

2-  3 

1-2 

1-2 

4-  8 

4-  8 

3-  7 

26 

2-  2 

1-1 

1-1 

4-  7 

3-  6 

3-  6 

28 

1-  2 

1-1 

1-1 

C) 

C) 

(M 

30 

1-  2 

1-1 

1-1 

(') 

(') 

(M 

'  Based  on  4/4  factory-grade  liunber  recovery  under  the  following  circumstances: 

Vo  V„ 


Price  No.  IC  —  $185/M         $195/M 

Conversion   costs  —       70/ M  80/ M 

These  rates  can  have  a  variation  of  1  to  2  percent  due  to  differences  in  location, 
volume  estimates,  and  quality  estimates. 

-  The  high  portion  of  the  range  in  rates  is  due  largely  to  low-grade  trees  that  have 
a  low  present  value  and  thus  produce  a  relatively  high  rate  of  value  increase  when 
considered  in  the  ratio  Vn/Vo.  For  this  reason  butt-log  grade-3  logs  have  not  been 
considered  in  the  estimates  "due  to  growth  only". 

''  The  high  rates  of  value  increase  in  the  12-  and  14-inch  diameter  classes  are  due 
to  two  factors:  (1)  the  butt-log  grade-3  trees  becoming  positive  in  present  value, 
and  (2)  the  improvement  of  butt-log  grade-3  trees  to  butt-log  grade-2. 

'  No  quality  improvement  in  trees  larger  than  27  inches  d.b.h. 

Table   7. — Expected   rate  of  value   increase  for  sugar  maple  trees, 
prices  increasing  and  conversion  costs   decreasing  ' 


[In  percent] 

Due  to  growth  and 

Dbh 

Due  to  growth 

only 

quality  increase" 

(inches) 

Vigor  I 

Vigor  II 

Vigor  III 

Vigor  I 

Vigor  II 

Vigor  III 

12 







=35-66 

33-63 

31-61 

14 

9-16 

8-12 

7-11 

15-30 

13-28 

12-25 

16 

6-14 

6-10 

4-  9 

12-22 

11-21 

10-18 

18 

6-10 

5-  8 

4-  7 

9-17 

9-16 

8-15 

20 

5-  7 

4-  6 

3-  6 

9-16 

8-15 

7-13 

22 

4-  6 

3-  6 

3-  5 

7-13 

6-12 

6-12 

24 

3-  5 

3-  5 

2-  4 

6-11 

6-10 

5-10 

26 

3-  4 

3-  3 

2-  3 

6-  9 

5-  9 

5-  8 

28 

3-  4 

2-  3 

2-  3 

(*) 

(*) 

(M 

30 

3-  3 

2-  3 

2-  3 

(') 

(M 

(') 

'  Based 

on  4/4  factory-grade  lumber  recovery  under  the  following  circumstances: 

P 

rice  No.  IC 

V. 

V„ 

—  $185/M 

.$195/M 

Conversion  costs  —       70/M  60/M 

These  rates  can  have  a  variation  of  1  to  2  percent  due  to  difTerences  in  location, 
volume  estimates,  and  quality  estimates. 

'  The  high  portion  of  the  range  in  rates  is  due  largely  to  low-grade  trees  that  have 
a  low  present  value  and  thus  produce  a  relatively  high  rate  of  vakie  increase  when 
considered  in  the  ratio  V„/V„.  For  this  reason  butt-log  grade-3  logs  have  not  been 
considered  in  the  estimates  "due  to  growth  only". 

=  The  high  rates  of  value  increase  in  the  12-  and  14-inch  diameter  classes  are  due 
to  two  factors:  (1)  the  butt-log  grade-3  trees  becoming  jjositive  in  present  value, 
and  (2)  the  improvement  of  butt-log  grade-3  trees  to  butt -log  grade-2. 

*  No  quality  improvement  in  trees  larger  than  27  inches  d.b.h. 
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rise  by  $10  per  M  board  feet,  while  conversion 
costs  were  reduced  by  $10  per  M  board  feet. 
Such  a  situation  could  possibly  be  achieved 
through  the  introduction  of  efficient  timber- 
harvesting  machinery  and  mill  innovations. 
Under  this  situation,  the  expected  rates  of  value 
increase  were  the  greatest  (table  7).  Improve- 


ments of  1  to  3  percent  over  those  of  the  basic 
situation  were  calculated.  Considerable  in- 
creases were  recorded  in  financial-maturity 
diameters  (table  4)— from  1  to  9  inches,  indi- 
cating that  financial  maturity  for  trees  and 
stands  under  this  idealistic  situation  is  arrived 
at  after  a  longer  perod. 
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APPENDIX 


Table  8. — Ten-year    d.b.h.    growth    rate    for    sugar 
maple,  in  inches 


D.b.h. 

Vigor  I 

Vigor  II 

Vigor  III 

(inches) 

&IV 

12.0 

2.4 

1.8 

1.3 

14.0 

2.2 

1.7 

1.2 

16.0 

2.1 

1.6 

1.1 

18.0 

2.0 

1.5 

1.1 

20.0 

1.9 

1.4 

1.0 

22.0 

1.8 

1.3 

1.0 

24.0 

1.7 

1.2 

.9 

26.0 

1.6 

1.1 

.9 

28.0 

1.5 

1.0 

.8 

30.0 

1.4 

.9 

.8 
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THE  FOREST  SERVICE  of  the  U.  S.  Depart- 
ment of  Agriculture  is  dedicated  to  the  principle  of 
multiple  use  management  of  the  Nation's  forest  re- 
sources for  sustained  yields  of  wood,  water,  forage, 
wildlife,  and  recreation.  Through  forestry  research, 
cooperation  with  the  States  and  private  forest 
owners,  and  management  of  the  National  Forests 
and  National  Grasslands,  it  strives  —  as  directed 
by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 
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Timber  Manage 


Abstract 

Describes  a  procedure  for  identifying  regional  opportunities 
for  accelerated  timber  management  and  demonstrates  its  appli- 
cation. Results  provide  a  basis  for  rational  choices  among 
alternative  management  strategies  and  permit  meaningful 
micro-  and  macro-evaluations  of  treatment  response. 


]y[  UCH  ATTENTION  has  focused  recently 
on  the  question  of  future  supplies  of 
timber  in  the  United  States.  Many  leading 
forest  policy  makers  agree  that  foreseeable 
demands  for  timber  can  be  met  at  current 
price  levels,  but  only  if  large  investments  are 
made  in  forest  management.  This  concern  has 
stimulated  proposals  to  increase  the  amount 
of  public  funds  and  technical  assistance  avail- 
able for  promoting  accelerated  timber-man- 
agement practices. 

But,  few  guidelines  exist  for  making  op- 
timal use  of  these  funds  and  services  at  the 
local  level.  Sound  strategies  for  program 
orientation  cannot  be  developed  until  regional 
oportunities  for  accelerated  management  have 
been  clearly  defined.  What  are  the  opportuni- 
ties for  timber  management  in  a  particular 
region?  This  paper  outlines  an  objective  pro- 


cedure for  answering  this  question  and 
demonstrates  its  application  to  a  typical 
problem. 


The  woodlands  of  any  region  exhibit  vir- 
tually every  stage  of  stand  condition  and 
development.  There  is  a  practical  method  for 
disaggregating  this  variable  resource  into  well- 
defined  units  of  area  that  are  relevant  for  the 
selection,  analysis,  and  evaluation  of  timber- 
management  practices.  It  involves  three  basic 
steps: 

1.  Select    stand   criteria    that   are    necessary 
for  treatment  decision-making. 

2.  Use  forest-inventory  plot  records  to  differ- 
entiate regional  management-opportunity 
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classes  that  are  homogeneous  in  terms  of 
the  criteria  selected  in  step  1. 

3.  Derive  stand  profiles  representing  the 
structure  of  forest  stands  in  each  manage- 
ment-opportunity class. 

Results  provide  a  framework  for  making 
rational  choices  among  alternative  manage- 
ment strategies  and  permit  meaningful  micro- 
and  macro-evaluations  of  treatment  response. 

AN   APPLICATION 

The  procedure  for  identifying  regional  op- 
portunities for  accelerated  timber  manage- 
ment was  applied  to  oak-hickory  stands  of  the 
Ohio  Hill  Country  (fig.  1). 

Decision-Making   Criteria 
Were   Selected 

Information  about  four  key  criteria  of  stand 
condition  are  necessary  for  decisions  regard- 
ing the  silvicultural  treatment  of  oak-hickory 
stands: 

1.  The  basal  area  of  all  live  trees  provides  a 
general  measure  of  total  stand  stocking. 


Figure    1. — The   procedure  was  applied    in   the   Hill 
Country    of   Ohio. 


2.  The  level  of  stocking  with  acceptable  trees 
provides  a  measure  of  stand  area  occupied 
by  trees  that  are  worth  managing.'  The 
formula  for  calculating  this  level  of  stock- 
ing is:-' 

S  =   -  0.00507N  +  0.01698^D 
+  0.001272D- 

in  which  S  =  level  of  stocking  with  ac- 
ceptable trees;  N  =  number  of  acceptable 
trees,  and  D  =r  diameters  of  acceptable 
trees. 

3.  The  average  diameter  of  acceptable  trees 
indicates  the  timber  size  class  of  the  man- 
ageable stand. 

4.  Site  index  provides  a  measure  of  the 
stand's  productive  potential  and  in  con- 
junction with  criterion  3  provides  an  indi- 
rect estimate  of  stand  age. 

These  variables  of  stand  condition  formed 
the  basis  for  stratifying  the  Hill  Country's  2.3 
million  acres  of  oak-hickory  forest  into  man- 
agement-opportunity classes. 

inventory   Plot   Records 
Were    Screened   to   identify 
IVIanagement-Opportunity 
Classes 

Some  680  oak-hickory  ground  plots,  meas- 
ured in  the  Hill  Country  of  Ohio  at  the  time 
of  the  last  comprehensive  forest  inventory 
(1968),  provided  data  for  defining  manage- 
ment-opportunity classes.  Each  plot,  repre- 
senting about  3,360  acres  of  commercial  forest 
land,  was  screened  and  sorted  on  the  criteria 
of  stand  condition  listed  above.^  Six  total- 
basal-area  classes,  three  stocking-level  classes, 
two  average-diameter  classes  and  five  site-in- 
dex classes  were  recognized. 


'For  this  study  we  assumed  that  trees  fitting  the 
standard  forest-survey  definition  of  "growing  stocli" 
were  acceptable.    ( DeBald  and  McCay    1969). 

-See  Gingrich  (1967)  for  explanation  of  the  de- 
velopment and  use  of  this  stocking  formula. 

■^FINSYS — Forest  Inventory  System — a  computer 
processing  system,  provided  the  vehicle  for  screen- 
ing and  sorting  the  ground-plot  data.  FINSYS 
was  described  in  a  series  of  research  papers  by  R.  W. 
Wil.son  and  R.  C.  Peters  in  1967:  The  Northeastern 
Forest  Inventory  Data  Processing  System.  USDA 
Forest    Serv.    Res.    Pap.    NE-61    and    NE-TO    to    78. 


The  screening  identified  a  gross  set  of  77  basic  data  on  stand  condition  available  for 

distinct  opportunity  classes  (table  1).  Several  such  small  units  of  area  are  subject  to  large 

of  these  opportunity  classes  were  immediately  sampling  error.  Classes  in  the  <  50  site-index 

excluded  from  consideration.  Those  with  less  category  were  also  eliminated.  Past  research 

than  15  thousand  acres  were  dropped  because  has  shown  that  timber  producing  investments 


Table  1. — Acreage  of  oa/c- hickory  foresf  in  southeasfern  Ohio, 
by  management-opportunity  classes 


Total 

basal 

area 

(sq.  ft.) 

Average 

d.b.h.  of 

acceptable 

trees 

(inches) 

Site  index 

<  50 

50-59 

60-69 

70-79 

80  + 

ACCEPTABLE  TREE  STOCKING  LEVEL  <C- 

<40 

<11.0 
11.0-H 

84,100 
3,400 

(60,500)® 
3.400 

(104,200)® 
3,400 

(40,300)® 

(26,900)® 

40-59 

<11.0 
11.0-^ 

13,400 
3,400 

(47,100)® 

(74,000)® 

(23,500)® 

(30,300)® 

60-79 

<11.0 
11.0-1- 

6,700 

6,700 
3,400 

(16,800)® 
3,400 

10,100 

3,400 

80-99 

<11.0 
11.0-h 

— 



6,700 

6,700 

3,400 

100-119 

<11.0 
11.0-h 

— 

— 

— 

3,400 

3,400 

120-1- 

<11.0 
11.0-h 

— 

— 

— 

— 

— 

ACCEPTABLE 

TREE  STOCKING  LEVEL  C  TO  B" 

<40 

<11.0 
11.0  + 

3,400 

10,100 

(16,800)® 

13,400 

6.700 

40-59 

<11.0 
11.0  + 

40,300 

(47,100)® 

(40,300)® 

(50,400)® 

(26,900)® 

60-79 

<11.0 
11.0  + 

50,400 

(67,200)® 

(90,800)® 

(50,400)® 

(43,700)® 

80-99 

<11.0 
11.0  + 

13,400 

(30,300)® 

(40,300)  @ 

(30,300)® 
3.400 

(16,800)® 

100-119 

<11.0 
11.0  + 

3,400 



13,400 

— 

3,400 

120 -h 

<11.0 
11.0  + 

— 

— 

3,400 

— 

— 

ACCEPTABLE  TREE  STOCKING  LEVEL  B+» 

<40 

<11.0 
11.0  + 

— 

— 

— 

— 

— 

40-59 

<11.0 
11.0  + 

— 

6,700 

6,700 

— 

3,400 

60-79 

<11.0 
11.0  + 

10,100 

(37,000)® 
3,400 

(43,700)® 

(16,800)® 

10,100 

80-99 

<11.0 
11.0  + 

53,800 

(107,600)® 

(121.000)® 

(87,400)  @ 
13,400 

(63,900)® 

100-119 

<11.0 
11.0  + 

26,900 

(53,800)® 

(74,000)® 
3,400 

(67,200)® 

(63,900)® 

120  + 

<11.0 
11.0  + 

6,700 

13,400 

(26,900)® 

(37,000)  @ 

(26,900)® 

"For  definitions  of  B  and  C  stocking  levels,  see  Central  States  Forest  Experiment 
Station  and  North  Central  Region  1962  Timber  management  guide  for  upland  central 
hardwoods.  USDA  Forest  Serv..  Cent.  States  Forest  Exp.  Sta.,  33  pp. 

®  Numbered  items  identify  the  36  opportunity  classes. 
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on  these  poorer  sites  generally  yield  very  low 
returns.  This  left  a  net  of  36  opportunity 
classes  (numbered  in  table  1).  They  repre- 
sent 1.8  million  acres  or  four-fifths  of  the  oak- 
hickory  forest  in  the  Hill  Country. 

Stand    Profiles   Were    Derived 

The  choice  of  specific  management  strate- 
gies and  evaluation  of  their  impact  potential 
requires  more  detailed  information  about  the 
structure  of  forest  stands  in  each  manage- 
ment-opportunity class.  Stand-profile  tables, 
depicting  the  representative  (average)  forest 
acre  in  each  opportunity  class,  were  developed 
from  the  forest-inventory  plot  records.  These 
tables  provide  data  on  the  number  of  trees, 
by  species,  d.b.h.,  and  quality  class.  An  ex- 
ample of  one  of  these  stand  profiles  (the  one 
for  opportunity  class  6)  is  shown  in  table  2. 


Table  2. — Stand  profile  for  managemenf- 
opporfunity  class  6 

Criteria  of  Stand  Condition: 
Total   basal   area  49 

Stocking  level  26.8 

Average  d.b.h.  5.9 

Site  index  65 


D.b.h. 

Species 

Number  of  trees 

per  acre 

(inches) 

Acceptable        Cull 

Total 

2 

A" 
B" 
C 

10.9                   5.5 
15.0                    6.8 
44.9                145.9 

16.4 

21.8 
190.8 

4 

A 
B 
C 

1.4                     — 

5.4                    1.4 

20.4                 38.2 

1.4 
6.8 

58.6 

6 

A 
B 
C 

2.1                    — 

.9                   1.0 

11.8                 18.7 

2.1 

1.9 

30.5 

8 

A 
B 
C 

.9                    — 

1.0  — 

9.1  4.1 

.9 
1.0 

13.2 

10 

A 
B 
C 

.6                   — 

1.0  — 

7.1  4.0 

.6 

1.0 

11.1 

12 

A 
B 
C 

.4                     .2 

.6 

4.5                   1.1 

5.6 

14 

A 
B 
C 

.3                   — 

.2                    .3 

1.7                   1.2 

.3 

.5 

2.9 

16 

A 
B 
C 

.2                     .1 
.6                   — 
.5                     .8 

.3 

.6 

1.3 

18 

A 
B 
C 

.1                    — 
.2                    — 
.6                     .3 

.1 
.2 
.9 

20 

A 
B 
C 

.3                     .1 
.3                     .2 
.1                     .1 

.4 
.5 
.2 

22 

A 
B 
C 

.1                    — 
.3                     .3 
.1                     .1 

.1 
.6 
.2 

24-28 

A 
B 
C 

.1                    — 
.2                     .1 

.1 
.3 

30  + 

A 
B 
C 

A 
B 
C 

—                   — 

— 

—                     .1 

.1 

Total 

17.3                    5.9 

25.0                  10.0 

101.0                214.7 

23.2 

35.0 

315.7 

"Yellow-poplar  and  black  walnut. 
''Red  oak  and  ash. 
All  other  species. 


CHOOSING   MANAGEMENT  STRATEGIES 
AND   EVALUATING   THEIR   IMPACT 


The  36  management-opportunity  classes 
and  their  representative  stand  profiles  give  us 
a  framework  for  selecting  management  strate- 
gies. This  general  guide  can  be  followed: 

•  Stands  in  the  <  C  level  stocking  class  are 
not  fully  utilizing  their  sites  and  cannot  be 
expected  to  do  so  for  several  years.  They 
should  therefore  be  regenerated  as  soon  as 
possible.  The  resulting  new  stands  should 
then  be  cleaned  and  periodically  thinned  so 
as  to  maximize  yields  and  promote  the 
rapid  growth  of  timber  to  a  mature  stage  of 
development. 

•  Stands  in  the  C-B  stocking  class  are  ade- 
quately stocked  with  acceptable  trees.  De- 
cisions about  treating  them  can  normally 
be  deferred  for  at  least  10  years. 

•  Stands  in  the  B+  stocking  class  are  fully 
stocked  with  acceptable  trees.  Improvement 
cuttings  down  to  B-level  stocking,  followed 
by  thinnings  designed  to  promote  the  rapid 
growth  and  maturity  of  timber,  should  be 
undertaken. 


The  choice  of  specific  strategies  will  vary 
according  to  product  objectives  and  the  con- 
dition of  each  representative  stand.  Consider 
management-opportunity  class  6,  representing 
74,000  acres  of  oak-hickory  forest.  Suppose 
our  objective  were  to  grow  the  most  mature 
high-quality  sawtimber  this  stand  of  timber 
could  produce  in  the  shortest  possible  time, 
using  proved  methods  of  sound  silviculture. 
The  general  strategy  outlined  above  for 
stands  in  the  <  C  level  stocking  class  would 
be  followed. 

The  representative  stand  profile  for  oppor- 
tunity-class 6  (table  2)  provides  an  empirical 
foundation  for  scheduling  specific  treatments, 
calculating  per-acre  costs,  and  projecting  and 
valuing  potential  per-acre  yields.  Results  are 
summarized  in  table  3. 

During  the  next  70  years  approximately  59 
cords  of  sound  timber  volume  worth  $852 
would  be  removed  from  each  acre  of  forest 
land  in  management-opportunity  class  6. 
About  $34  would  be  spent  on  each  acre  for 
regeneration  cuttings  and  precommercial  thin- 


Table  3. — Treatment  schedule  for  representative  stand  of  opportunity-class  6 


Treatment 

Timber 

Sawtimber  includec 

Value  of 

Year 

Treatment 

costs" 

removals'' 

in  timber  removals 

removals' 

per  acre 

per  acre 

per  acre 

per  acre 

Dollars 

Cords 

Board  feet 

Dollars 

0 

Regeneration 

cut 

12.70 

8.6 

1,600 

75.80 

10 

Precommercial 

cleaning 

21.50 

— 

— 

— 

30 

Commercial 

thinning 

— 

5.0 

0 

12.50 

42 

Commercial 

thinning 



5.0 

0 

12.50 

52 

Commercial 

thinning 



5.1 

900 

24.70 

62 

Commercial 

thinning 



5.8 

1,800 

53.00 

70 

Harvest' 

— 

29.9 

12,000 

673.70 

Total 

34.20 

59.4 

16,300 

852.20 

"Based  on  current  estimates  of  the  expenditures  required  for  regeneration  cut- 
tings and  precommercial  thinnings  in  the  Ohio  Hill  (^ountry. 

''Basis  for  projecting  timber  removals:  yield  tables  in  Gingrich.  Samuel  F.. 
1971,  Management  of  young  and  intermediate  stands  of  upland  hardwoods,  NE. 
Forest  Exp.  Sta.,  Upper  Darby,  Pa.  26  p.,  illus.  (USDA  Forest  Serv.  Res.  Pap. 
NE-195). 

Based  on  current  estimates  of  the  net  worth  of  standing  timber  in  the  Ohio 
Hill  Country. 

"Stand  was  considered  mature  when  average  d.b.h.  reached  15.0  inches. 


nings.  The  cost-and-return  data  shown  in 
table  3  provide  a  basis  for  estimating  the  eco- 
nomic potential  of  this  strategy  (using  pres- 
ent net  values,  benefit/ cost  ratios,  internal 
rates  of  return  and  other  appropriate  yard- 
sticks). 

For  example,   at  a   discounting   rate   of   5 
percent,  the  present  net  worth  of  this  pro- 


posed action  would  be  about  $81  per  acre. 
These  per-acre  values  provide  indices  for 
approximating  the  impact  of  treating  all  or 
any  part  of  the  74,000  acres  of  oak-hickory 
forest  in  opportunity-class  6.  They  also  give 
us  a  basis  for  comparing  the  inputs,  outputs, 
and  economic  potential  of  this  particular 
strategy  with  those  of  other  management 
alternatives. 
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THE  FOREST  SERVICE  of  the  U.  S.  Depart- 
ment of  Agriculture  is  dedicated  to  the  principle  of 
multiple  use  management  of  the  Nation's  forest  re- 
sources for  sustained  yields  of  wood,  water,  forage, 
wildlife,  and  recreation.  Through  forestry  research, 
cooperation  with  the  States  and  private  forest 
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ABSTRACT 

A  study  of  the  camping  market's  short-term  growth  potential, 
based  upon  interviews  with  the  heads  of  2,003  representative  Amer- 
ican households.  The  study  estimates  the  size  of  the  potential 
camping  market  and  divides  it  into  three  segments:  those  families 
with  a  high,  medium  and  low  propensity  to  become  campers.  The 
developed  camping  market  is  also  divided  into  an  active  and  an 
inactive  segment,  determined  by  camping  participation  during  the 
12  months  preceding  the  survey.  The  total  camping  market  is  esti- 
mated to  include  12.6  million  active  camping  families,  9  million 
inactive,  and  10  million  potential  camping  families.  Regional  distri- 
butions and  characteristics  of  each  segment  are  described. 
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^^  jr  AMILY  CAMPING"  is  a  convenient  but 
somewhat  inaccurate  term  for  a  collec- 
tion of  outdoor  travel  activities.  The  market  is 
served  by  a  large  number  of  diverse  industries: 
several  thousand  commercial  and  public  camp- 
grounds, several  hundred  manufacturers  and 
distributors  of  recreational  vehicles,  scores  of 
outdoor  equipment  suppliers,  and  dozens  of 
outdoor  recreation  publishers.  The  market  is 
highly  diversified,  exhibiting  numerous  varia- 
tions in  camping  styles,  camping  equipment, 
and  camping  motivations  which  range  from 
the  need  for  an  inexpensive  form  of  travel  to 
the  desire  for  a  priceless  outdoor  experience. 

The  market  and  its  many  segments  have  en- 
joyed sustained  and  vigorous  growth  over  the 
past  decade.  As  a  result  of  this  growth,  there 
is  an  increasing  concern  that  the  market  may 
be  approaching  a  temporary  saturation  point 
—a  stage  in  its  growth  where  new  additions  are 
increasingly  difficult  to  attract  and  hold.  And 
unless  the  market  can  hold  onto  its  new  addi- 
tions they  may  tend  to  suppress  market 
growth  through  their  sale  of  used  camping 
equipment  and  their  example  of  a  less  than 
fully  .satisfying  experience  with  camping  and 
recreation-vehicle  travel. 

In  a  study  of  trends  in  family  camping  par- 
ticipation from  1964  to  1968,  each  family  that 
increa.sed  its  volume  of  camping  was  offset  by 
two  other  families  who  camped  less  each  year 
{LaPage  and  Ragain,  1971).  And  an  invest- 
ment banker  recently  described  the  camp- 
ground industry  as  approaching  a  level  of  de- 
velopment where  "the  period  of  rapid  growth 
is  over  and  individual  companies'  growth  must 
be  achieved  largely  through  gains  in  market 
share"  (Peterson,  1971). 

A  recent  follow-up  survey  to  the  1964-1968 
trend  study  found  that  20  percent  of  the  panel 
were  no  longer  active  campers,  another  33  per- 
cent showed  a  decreasing  trend  in  annual 
number  of  days  of  camping  participation  from 
1968  to  1971,  and  that  another  20  percent 
whose  camping  participation  was  increasing 
quite  frequently  reported  that  they  were 
camping  more  but  enjoying  it  less.  An  impres- 
sive proportion  (35  percent)  of  all  panel  mem- 


bers said  that  campground  conditions  were 
deteriorating  and  that  a  new  breed  of  incon- 
siderate campers  was  taking  over.  These 
negative  comments  were  in  sharp  contrast  to 
comments  made  by  the  same  campers  at  the 
start  of  the  study  in  1964. 

The  depth  of  our  ignorance  about  the  na- 
tional camping  market  is  best  revealed  by  our 
inability  to  answer  reliably  one  question: 
"How  many  campers  are  there  in  the  United 
States?"  Or,  more  importantly,  how  many 
families  consider  themselves  to  be  in  the 
camping  market,  whether  they  camped  this 
year  or  not?  Without  an  answer  to  this  ques- 
tion, most  estimates  of  market  growth  are  lit- 
tle more  than  guesses. 

National  surveys  of  outdoor  recreation  par- 
ticipation in  1960  and  in  1965  indicated  that 
about  8  percent  of  the  adult  population  (12 
years  or  over),  or  about  13  million  adults  and 
children,  were  campers  in  1960,  and  that 
about  10  percent  of  the  adults,  or  18  million 
adults  and  children,  camped  in  1965  (Bureau 
of  Outdoor  Recreation,  1967).  An  extension  of 
this  38-percent  growth  rate  to  the  .second  half 
of  the  decade  would  result  in  a  projection  of 
25  million  campers  by  1970. 

At  the  First  Camping  Congress  in  June, 
1971,  estimates  of  the  total  number  of  camp- 
ers (adults  and  children)  ranged  from  33  mil- 
lion to  50  million  (Dunlap.  1971;  Smith.  1971; 
Booth.  1971).  One  estimate  presented  at  that 
congress  was  that  there  were  3.5  million  recre- 
ational vehicles  in  use  and  4.5  million  tent 
camping  families,  for  a  total  of  8  million  camp- 
ing families.  Another  estimate  set  the  figures 
at  7.8  million  adults  (3.9  million  families?) 
who  camped  in  recreation  vehicles,  and  12  mil- 
lion adults  (6  million  families?)  who  camped 
in  tents  (for  a  total  of  10  million  camping 
families?).  No  one  knows  whether  the  esti- 
mated 8  or  10  million  families  who  camped  in 
1970  were  50  percent  or  99  percent  of  the  total 
camping  market! 

In  November,  1971,  through  the  combined 
efforts  of  government  and  private  enter]n-ise. 
an  effort  was  made  to  answer  some  of  these 
questions.  In  a  nation-wide  probability  sam- 


pie,  2,003  heads  of  households  were  inter- 
viewed to  determine  the  existing  size  and 
short-term  growth  potential  of  the  family 
camping  market.  If  a  household  had  heen  in 
the  camping  market  and  had  left  it,  we 
wanted  to  know  why.  And  from  those  still  in 
the  market  we  collected  a  number  of  measures 
of  the  volume  and  trend  of  camping  participa- 
tion. Finally,  we  asked  the  heads  of  non-camp- 
ing households  to  estimate  the  likelihood  of 
their  entering  the  family  camping  market  dur- 
ing the  next  4  to  5  years. 


The  term  "household"  is  used  in  the  Census 
Bureau's  definition:  "all  persons  who  occupy  a 
'housing  unit.'  "  A  single  person  living  alone  is 
a  household.  Heads  of  households  were  asked 
about  their  own,  and  their  spouse's,  camping 
experience  and  equipment;  activities  of  other 
members  of  the  household,  in  which  either 
head  did  not  participate,  were  not  covered. 
Thus  "family  camping,"  as  used  in  this  study, 
would  include  a  group  of  men  hunting  or  fish- 
ing together  but  might  not  include  a  group  of 
camping  students  living  at  home. 


Defining  the  iVlsrlcet 

Past  national  surveys  of  participation  in 
outdoor  recreation  have  tended  to  treat  camp- 
ing as  just  one  of  a  long  list  of  outdoor  activi- 
ties, rather  than  as  the  means  by  which  many 
other  activities  are  enjoyed.  Participation  in 
camping  is  prerequisite  to  part  of  the  reported 
activity  in  boating,  hiking,  fishing,  swimming, 
sightseeing,  driving  for  pleasure,  and  numer- 
ous other  activities  that  can  best  be  enjoyed 
in  and  around  campgrounds.  Many  past  sur- 
veys have  failed  to  differentiate  clearly  be- 
tween such  activities  as  wilderness  camping, 
family  camping  at  developed  sites,  recrea- 
tional vehicle  travel,  cabin  camping,  youth 
camping,  and  church  camping. 

In  order  to  be  certain  that  we  were  measur- 
ing the  size  and  growth  potential  of  the  family 
camping  market  as  we  defined  it,  and  not 
some  of  these  other  types  of  camping,  this  sur- 
vey used  line  drawings  of  several  different 
types  of  familiar  camping  equipment-items 
such  as  tents,  camping  trailers,  pick-up  camp- 
ers, and  motor  homes.  Heads  of  households 
were  not  asked  if  they  had  ever  camped,  but  if 
they  had  ever  taken  an  overnight  trip  with 
their  families  or  friends  using  any  of  the  de- 
picted items  of  equipment.  This  approach  was 
used  to  minimize  over-counting  from  cabin 
campers,  youth  campers,  etc.,  as  well  as  to 
avoid  under-representing  the  hunters  and  fish- 
ermen who  may  use  camping  equipment  on 
overnight  trips  but  do  not  consider  themselves 
campers. 


The    Developed   Camping   iVIaricet 

The  survey  findings  suggest  that  the  camper 
market  is  substantially  larger  than  any  of  the 
Camping  Congress  estimates  (table  1).  More 
than  12.6  million  households  (40.2  million  per- 
sons) were  estimated  to  have  camped  in  the 
12  months  preceding  the  survey.  And  over  9 
million  more  households  (29.1  million  per- 
sons) had  camped  at  some  time  in  the  past, 
but  not  during  the  past  12  months.  For  the 
households  that  had  camped  during  the  past 
year,  the  median  level  of  participation  was 
seven  nights  away  from  home  on  two  separate 
camping  trips. 

The  survey  disclosed  a  relatively  high  level 
of  equipment  renting  and  borrowing.  For  their 
most  recent  trip,  11  percent  of  all  campers 
(active  or  inactive  in  1971)  had  rented  their 
equipment,  and  35  percent  had  borrowed  it. 
This  multiple  use  of  equipment  may  explain 
why  this  survey's  estimate  of  market  size  is 
higher  than  many  past  estimates  based  on 
production  and  sales  figures  of  recreational  ve- 
hicles and  camping  equipment. 

The  Potential  Camping  Market 

A  larger  developed  camper  market  might 
logically  suggest  a  smaller  potential  camper 
market  to  draw  upon.  There  has  been  almost 
no  research  on  the  size  of  the  potential  camp- 
ing market.  However,  a  1960  nationwide  sur- 
vey of  outdoor  recreation  interests  provides  a 
partial  comparison  of  public  interest  in  camp- 
ing over  the  past  decade  (table  2). 


Table  I. — Highlights  of  the  197!  camper  market  survey 
of  2,003  heads  of  households 


Head  of  household 


Survey 


Estimated 
households' 


Estimated 
persons" 


1.  Has  camped  with  family 
or  friends: 

a.  During  the  past  12  months 

b.  At  some  time  in  the  past, 
but  not  in  the  past  12 
months 

2.  Has  never  camped  with  family 
or  friends  but  family: 

a.  Plans  to  in  1972 

b.  Hopes  to  try  it,  2-5  years 

c.  May  try  it  in  2-5  years 

3.  Is  not  likely  to  go  camping 

Total 


Percent  Millions 

19.4  12.6 


14.0 


9.1 


100.0 


65.0 


Millions 


40.2 


29.1 


2.7 

1.8 

5.5 

8.6 

5.6 

17.9 

4.0 

2.6 

8.3 

51.3 

33.3 

106.3 

207.3 


"Based  on  an  estimated  65  million  households  in  1971,  projected  from  1964-1969  data. 
Statistical  Abstract  of  the  U.S.,  1970. 

"Based  on  an  estimated  3.19  persons  per  household  (1969  data).  Statistical  Abstract 
of  the  U.S.,  1970. 


Table  2. — A  comparison  of  camping  interests 
in  two  national  surveys 


Item 

I960' 

1971 

Percent 

Percent 

Has  camped  in  the  past 

year 

15 

19 

Has  camped,  but  not  in 

past  year 

(not  asked) 

14 

Has  never  camped,  or 

has  not  camped  in 

past  year,  but  would 

like  to  do  so  in  the 

future 

9 



Never  camped,  but  may 

try  it  in  future 



15 

Never  camped  and  not 

interested,  no  answer 

76 

.51" 

Basis:  sample  size 

2,7.59 

2,003 

■From  ORRRC  1962.  Participation  in  Outdoor 
Recreation:  Factors  Affecting  Demand  among 
American  Adults,  Study  Report  20,  Outdoor  Recrea- 
tion Resources  Review  Commission. 

"For  an  estimate  of  the  proportion  of  the  popula- 
tion with  no  potential  for  entering  the  camping 
market,  those  households  that  have  camped  in  the 
past  but  have  permanently  given  up  camping  should 
be  added  to  this  figure.  If  we  assume  that  campers 
who  have  not  camped  for  3  years  or  more  are  per- 
manently out  of  the  market,  then  two-thirds  of  the 
inactive  campers  should  be  added,  and  the  non- 
market  group  would  increase  from  51  to  61  percent. 


A  casual  inspection  of  table  2  might  suggest 
that  the  potential  camping  market  grew  from 
9  percent  of  the  population  in  1960  to  15  per- 
cent of  the  population  in  1970.  A  closer  look 
at  both  studies  will  reveal  a  slightly  different 


picture.  Actually,  as  is  shown  in  table  1,  le.=;s 
than  3  percent  of  those  interviewed  in  1971 
expressed  a  strong  interest  in  taking  up  camp- 
ing as  a  leisure  activity.  Another  8-1/2  per- 
cent said  that  they  hoped  to  try  it  in  the 
future.  Since  not  all  of  these  expectations 
will  produce  campers,  something  less  than  11- 
1/2  percent  of  the  1971  sample  represent  po- 
tential market  additions.  Furthermore  the 
1960  O.R.R.R.C.  survey  failed  to  distinguish 
between  those  who  had  never  camped  and 
those  who  had  not  camped  in  the  past  year. 
Consequently  the  9  percent  in  1960.  who  had 
camping  aspirations  includes  some  who  were 
already  in  the  camping  market.  However,  the 
O.R.R.R.C.  report  indicates  that  the  9  percent 
is  mostly  made  up  of  people  who  have  not  yet 
had  their  first  camping  experience 
(O.R.R.R.C,  1962,  pages  7  and  62). 

Obviously,  by  1971  many  more  people  had 
been  exposed  to  camping  equipment,  camping 
advertising,  camping  neighbors  and  friends, 
and  popular  literature  depicting  camping  as  a 
pleasurable  and  low  cost  leisure  activity.  This 
increased  exposure  has  undoubtedly  had  an 
impact  on  the  size  of  both  the  potential  and  the 
active  camper  market  segments. 

Recent  Camping  Trends 

The  distribution  of  years  of  camping  experi- 
ence, for  all  campers,  reveals  the  "newness"  of 
the  camping  market  and  indicates  that  camp- 


ing  has  continued  to  attract  sizable  numbers 
of  new  campers  in  recent  years: 


Year  began  camping 

Perce 

Don't  recall 

11 

Before  1949 

10 

1950-1959 

16 

1960-1965 

21 

1966-1969 

25 

1970 

9 

1971 

8 

100 

Although  the  market  appears  to  be  expand- 
ing rapidly  by  adding  new  campers,  the  aver- 
age number  of  days  that  each  camper  camps  is 
either  decreasing  or  remaining  relatively  con- 
stant. Campers  who  had  been  in  the  market 
for  at  least  two  years  were  asked  if  their 
camping  participation  had  been  increasing  or 
decreasing  during  the  past  few  years.  Only  16 
percent  reported  an  increase,  as  opposed  to  37 
percent  who  reported  decreasing  participation 
and  25  percent  whose  participation  was  either 
constant  or  highly  variable.  The  proportion  of 
approximately  1  increasing  to  2  decreasing 
campers  coincides  with  the  trends  found  in  a 
long-term  panel  study  of  camping  participa- 
tion {LaPage  and  Ragain,  1971). 

Campers  with  at  least  2  years  of  camping 
experience  were  also  asked  whether  they  had 
noticed  any  major  changes  in  the  condition  of 
campgrounds,  in  the  costs  of  camping,  or  in 
the  types  of  people  who  go  camping.  The  most 
commonly  mentioned  changes,  and  the  fre- 
quency with  which  they  were  reported,  are: 

Percent 

Improved  facilities,  services  32 

Increased  costs  24 

More  campers,  over-crowding  22 

Less  desirable  campers  12 

No  changes  12 
Don't  use  campgrounds, 

haven't  been  lately  9 

More  campgrounds  available  6 

Dirty  campgrounds  5 

More  expensive  equipment  4 

Campers  more  congenial  4 


For  their  most  recent  camping  trip,  about 
half  the  campers  used  tents  and  half  used 
some  type  of  camping  vehicle  (table  3).  Asked 
about  their  next  purchase,  5  percent  of  active 
and  inactive  campers  said  they  planned  to  buy 
a  tent  and  16  percent  said  they  intended  to 
purchase  a  camping  vehicle  (camping  trailer,  2 
percent;  travel  trailer,  4  percent;  truck 
camper,  5  percent;  pickup  cover,  1  percent; 
motor  home,  3  percent;  and  van  conversion,  1 
percent). 


Table  3. — Type  of  equipment  used  on  last  camp- 
ing trip  by  all  households^  that  have 
camped,  and  how  acquired  for  that  trip'' 

.  Used  on  last  camping  trip  and: 


j_i.4un^»iiv,iii. 

Rented 

Bor- 

Pur- 

Already 

rowed 

chased 

Owned 

Per- 

Per- 

Per- 

Per- 

cent 

cent 

cent 

cent 

Tent 

4 

18 

6 

22 

Camping  Trailer 

3 

4 

2 

4 

Travel    Trailer 

3 

4 

1 

9 

Truck  Camper 

1 

5 

(*) 

9 

Pick-up  Cover 

(♦) 

1 

(♦) 

5 

Motor  Home 

(*) 

1 

0 

2 

Van  Conversion 

0 

2 

1 

3 

'Includes  active  and  inactive  campers  in  the  1971 
survey. 

"Totals  do  not  add  to  100  percent  because  some 
campers  use  more  than  one  type  of  equipment  on  a 
single  trip. 

*Less  than  half  of  1  percent. 


The  Existing  Camper  Market 

The  camping  market  is  usually  defined  arbi- 
trarily as  those  persons  who  have  camped  dur- 
ing the  past  year.  To  estimate  sales  potential, 
it  might  be  more  realistic  to  consider  a  some- 
what larger  market,  including  those  people 
who  intend  to  start  camping  in  the  next  year 
as  well  as  those  who  may  have  orily  temporar- 
ily dropped  out  of  the  market.  About  6-1/2 
percent  of  the  campers  in  a  recently  reported 
panel  study  failed  to  camp  in  any  one  year 
over  a  5  year  period  (LaPage  and  Ragain, 
1971).  Although  the  1971  survey  cannot  read- 
ily identify  the  point  at  which  temporary  mar- 
ket losses  become  permanent  losses,  about 
one-third  of  the  inactive  campers,  that  is 
households  that  have  not  camped  in  the  past 
year,  have  failed  to  camp  in  the  past  2  years: 


Percent  of 

Percent  of  all 

inactive 

Years  since 

camping 

camping 

last  camped 

households 

households 

0 

58 



1 

4 

10 

2 

10 

24 

3 

7 

17 

4-5 

8 

19 

6-9 

4 

9 

10+ 

8 

18 

Don't  know 

1 

3 

100 

100 

The  probability  of  returning  to  the  market 
undoubtedly  diminishes  with  each  additional 
year  away  from  camping;  the  bulge  in  the  dis- 
tribution at  2  years  might  indicate  that  2  years 
is  the  break  point— including  some  temporary 
and  some  permanent  market  losses.  That  is,  a 
1  or  2-year  gap  is  probably  a  temporary  drop 
in  activity  for  most  people,  but  those  who 
have  been  out  of  the  market  for  3  or  more 
years  may  tend  to  become  permanent  losses. 
If  we  assume  from  table  1  that  one-third  of 
the  inactive  campers  (9.7  million)  are  only 
temporarily  inactive,  and  that  all  non-campers 
who  are  planning  to  camp  next  year  (5.5  mil- 
lion) do  as  planned,  there  would  be  an  esti- 
mated 55.4  million  persons  in  the  camping 
market. 

Although  the  camping  market  is  undoubt- 
edly larger  than  its  currently  active  segment, 
only  that  segment  was  analyzed  in  the  survey 


for  the  obvious  reason  that  ii  alone  can  pro- 
vide current  participation  data. 

Of  all  camping  heads  of  households  sur- 
veyed, 13  percent  reported  that  they  do  not 
participate  in  family  camping.  (The  compara- 
ble figure  for  the  active  market  segment  is  8 
percent.)  That  is,  they  have  no  families,  or 
camp  with  friends,  or  use  their  camping  equip- 
ment for  hunting  and  fishing  trips  exclusively. 
This  is  probably  a  larger  portion  of  the  active 
camping  market  now  than  it  was  in  1960,  and 
it  may  become  increasingly  important  in 
campground  planning  and  management. 

Reported  campground  patronage  during  the 
12  months  preceding  the  survey  indicates  a 
slight  disadvantage  to  commercial  camp- 
grounds   (table  4).   Forty   percent  of  active 


Table  4. — Visits  to  commercial  and  public  camp- 
grounds by  active  camping  households  in  197! 


No.  of 
campgrounds 
visited  in  1971 

Type  of  campground  visited 

Commercial 

Stat^ 

e  or  Federal 

1 

2-5 
6  or  more 

None 
Don't  recall 

Percent 
22 
16 
9 
40 
13 

Percent 
28 
27 
9 
24 
12 

Total 

100 

100 

campers  had  not  visited  a  commercial  camp- 
ground, but  only  24  percent  had  failed  to  visit 
a  public  campground.  And  27  percent  of  active 
campers  had  visited  at  least  two  public  camp- 
grounds, while  only  16  percent  had  visited  two 
or  more  commercial  developments.  The  "ad- 
vantage" to  public  campgrounds  may  lie  some- 
what exaggerated  by  these  figures  because  the 
average  visit  is  longer  at  commercial  camp- 
grounds (most  public  campgrounds  have  a 
limit).  Also,  most  wilderness  and  back-country 
camping  is  done  on  public  lands  and  might  be 
reported  in  these  figures  as  having  been  done 
on  public  "campgrounds". 

Although  there  are  many  campers  in  the  ac- 
tive market,  the  median  level  of  participation 


is  low,  both  in  terms  of  trips  and  in  terms  of 
days  camped.  More  than  half  of  ISTl's  active 
campers  made  only  one  or  two  trips  and 
camped  less  than  8  days: 


Percent 

Percent 

Trips 

of  campers 

Days 

of  campers 

1 

38 

1-2 

20 

2 

17 

3-5 

21 

3 

12 

6-7 

11 

4-5 

12 

8-30 

35 

6-9 

7 

31  + 

10 

10-f 

14 

Don't  know 

3 

Applying  these  participation  rates  to  the  es- 
timated 12.6  million  camping  households 
(table  1)  produces  an  estimated  53.5  million 
trips  and  519  million  camper-days  in  1971. 
The  weighted  average  participation  rate  was 
four  camping  trips  and  13  days  of  camping  per 
household. 

The  number  of  households  in  the  active 
camper  market,  and  in  the  inactive  market,  in- 
creases from  East  to  West;  54.3  percent  of 
households  in  the  Western  States  have 
camped  at  some  time  in  the  past  versus  21.5 


percent  in  the  Northeast  (table  5).  Similarly, 
households  with  higher  incomes  are  more 
likely  to  be  campers;  44.1  percent  of  the 
households  with  a  gross  1970  family  income  in 
excess  of  $15,000  have  camped  at  some  time  in 
the  past,  versus  23.2  percent  of  those  house- 
holds with  less  than  $5,000  gross  income 
(table  6). 


Table  6. — Households  In  the  active  and  inactive 

camping  markets,  by  income  classes 

[Percentage  of  all  households] 


1970  Income' 


Inactive 


Active 


Under  $5,000 
$5,000  to  $6,999 
$7,000  to  $9,999 
$10,000  to  $14,999 
$15,000  or  more 

12.3 
8.8 
15.6 
16.3 
16.3 

10.9 
19.7 
20.7 
23.5 
27.8 

U.S. 

14.0 

19.4 

"Total  family  income  in  1970  before  taxes. 


Table  5. — Households  in  the  active  and  inactive 

camper  markets,  by  region 

[Percentage  of  all  households] 


Region" 

Inactive 

Active 

Northeast 
North  Central 
South 
West 

8.8 
14.0 
13.8 
21.7 

12.7 
21.1 
16.7 
32.6 

U.S. 

14.0" 

19.4" 

'U.S.  Census  Bureau  regions,  containing  the  fol- 
lowing approximate  number  of  households:  North- 
east, 15.6  million;  North  Central,  17.5;  South,  19.5; 
and  West,  12.4.  Regions  include: 

Northeast:  Maine,  New  Hampshire,  Vermont, 

Massachusetts,  Rhode  Island,  Con- 
necticut, New  York,  New  Jersey, 
Pennsylvania 
North  Central:  Ohio,  Indiana,  Illinois,  Michigan, 
Wisconsin,  Minnesota,  Iowa,  Mis- 
souri, North  Dakota,  South  Da- 
kota, Nebraska,  Kansas 
South:  Delaware,    Maryland,    District    of 

Columbia,  Virginia,  West  Virginia, 
North  Carolina,  South  Carolina, 
Georgia,  Florida,  Kentucky,  Ten- 
nessee, Alabama,  Mississippi,  Ar- 
kansas, Louisiana,  Oklahoma, 
Texas 
West:  Montana,  Idaho,  Wyoming,  Colo- 

rado, New  Mexico,  Arizona,  Utah, 
Nevada,  Washington,  Oregon,  Cal- 
ifornia. 
"From  table  1. 


Ten  percent  of  the  active  camper  market 
rented  camping  equipment  at  least  once  dur- 
ing 1971.  Equipment  renting  was  most  com- 
mon among  heads  of  households  in  the  30-39 
year  age  group,  people  with  professional  and 
managerial  occupations,  those  with  some  col- 
lege background,  and  those  with  incomes  of 
$15,000  or  more. 

Twenty  percent  of  the  active  market  made 
purchases  of  $100  or  less  for  camping  equip- 
ment in  1971;  9  percent  spent  over  $100.  Also, 
2  percent  of  the  inactive  campers  spent  up  to 
$100  on  camping  equipment  even  though  they 
did  not  use  it  in  1971. 

Total  expenditures  while  on  1971  camping 
trips,  for  items  such  as  camping  fees,  tolls,  gas- 
oline, meals,  and  groceries,  ranged  from  $0 
reported  by  5  percent  to  over  $250  for  17  per- 
cent of  the  active  camping  households  in  the 
sample: 


1971  trip  expenditures 


Percent  of  active 
Camping  households 


Nothing 

5 

$50  or  less 

25 

$51  to  $100 

16 

$101  to  $250 

18 

$251  or  more 

17 

Don't  know 

19 

In  most  respects,  the  active  camper  market 
is  not  representative  of  a  cross  section  of 
American  households.  On  the  average,  heads 
of  households  in  the  active  camping  market 
tend  to  be  younger,  better  educated,  and  have 
higher  incomes  than  the  public  at  large  (see 
Appendix).  There  are  fewer  non-whites  in  the 
camping  market  than  in  the  population,  and 
fewer  residents  of  metropolitan  areas  with  one 
million  or  more  inhabitants. 

Among  currently  active  camping  households 
who  have  camped  for  at  least  the  past  two 
years,  26  percent  reported  that  their  camping 
participation  had  been  increasing,  and  21  per- 
cent that  it  had  been  decreasing;  43  percent 
expected  to  camp  more  often  during  the  next 
2  to  3  years,  while  12  percent  predicted  a  de- 
crease. Of  the  inactive  campers,  60  percent 
had  been  camping  less  and  predicted  a  contin- 
ued decrease  in  their  camping  participation. 
Nineteen  percent  of  the  inactive  campers  ex- 
pressed a  desire  to  camp  more  often  in  the  fu- 
ture. 

Both  increases  and  decreases  in  camping 
participation  were  frequently  exolained  by 
changes  in  the  family's  life  cycle.  For  example, 
5  percent  of  the  active  households,  and  1 1  per- 
cent of  the  inactive  group,  explained  decreases 
in  camping  on  grounds  of  "having  babies  or 
children  who  are  too  young  to  camp",  "family 
grown  now",  or  "getting  too  old".  And  15  per- 
cent of  active  households  and  9  percent  of  in- 
active households  explained  increases  by  such 
reasons  as  "our  children  are  older"  and  "we 
have  more  time  now." 


that  camping  was  a  possibility  during  the  next 
5  years. 

To  promote  market  expansion,  the  most  im- 
portant households  to  concentrate  on  are  the 
7.3  million  with  high  and  moderate  market  po- 
tential. These  people  have  considered  camping 
in  the  past  and  see  themselves  as  campers  at 
some  time  in  the  future.  However,  a  closer 
look  at  all  three  segments  of  the  potential 
camping  market  is  necessary  for  an  under- 
standing of  total  market  potential. 

The  geographic  distribution  of  the  potential 
camping  market's  10  million  hou.seholds  is  in 
sharp  contrast  to  the  distribution  of  the  exist- 
ing market;  the  bulk  of  potential  market 
growth  appears  in  the  Northeast  and  North 
Central  regions  (table  7).  Not  only  is  the  per- 


Table  7. — Households  in  the  potential  camping 

market,  by  region 

[Percentage  of  all  households] 


Region" 

High" 
camping 
potential 

Moderate'" 
camping 
potential 

Low" 
camping 
potential 

Total 

Northeast 
North 

Central 
Southern 
Western 

3.1 

2.6 
3.5 
2.3 

11.0 

12.3 
4.9 
5.9 

3.9 

3.9 

5.6 

.9 

18.0 

18.8 

14.0 

9.1 

U.S." 

2.7 

8.6 

4.0 

15.3 

"See  tahle  5  for  definitions. 
"Planning  to  go  camping  in  1972. 
"Would  like  to  try  camping  in  1  to  5  years. 
''May  hecome  campers  in   1  to  5  years. 
"From  table  1. 


The  Potential  Camping  Maricet 

The  potential  camping  market  could  be 
treated  as  a  single  group  of  households  com- 
prising about  15  percent  of  the  population 
(table  1).  In  fact,  however,  this  group  can  be 
readily  divided  into  three  sub-groups:  1.8  mil- 
lion households  with  a  high  potential  for  en- 
tering the  market  because  they  have  already 
considered  it  and  planned  to  try  camping 
"next  year";  5.6  million  households  with  mod- 
erate potential,  because  they  have  considered 
camping  in  the  past  and  expect  to  try  it  in  the 
future;  and  a  low  potential  group  of  2.6  mil- 
lion households  in  which,  although  the  idea  of 
camping  has  not  been  seriously  considered  in 
the  past,  the  head  of  the  household  indicated 


centage  of  people  who  expressed  a  desire  to 
try  camping  much  higher  in  these  two  regions, 
but  their  population  bases  are,  at  present, 
much  higher  than  that  of  the  western  region. 
In  the  West,  63.4  percent  of  the  households 
(7.9  million)  are  either  ex-campers,  currently 
active  campers,  or  potential  campers.  The 
North  Central  region  has  a  lower  proportion 
(53.9  percent)  but  a  larger  number  (9.4  mil- 
lion) of  its  hou.seholds  in  these  same  three  cat- 
egories. 

The  largest  potential  for  camping  market 
expansion,  in  all  regions,  exists  in  households 
earning  $7,000  to  $10,000  annually.  However, 
a  large  number  of  families  above  and  below 


Table  8. — Households  in  the  potential  camping  market, 

by  income  classes 

[Percentage  of  all  households] 


Gross 

1970 

income 


High 
camping 
potential 


Moderate 
camping 
potential 


Low 
camping 
potential 


Total 


Under  $5,000 
$5,000  to  $6,999 
$7,000  to  $9,999 
$10,000  to  $14,999 
$15,000  or  more 

2.3 
2.1 
5.7 
2.4 

2.8 

3.8 

9.3 

11.4 

10.8 

11.7 

3.1 
4.3 
4.4 
2.4 
5.0 

9.2 
15.7 
21.5 
15.4 
19.5 

All  income  classes 

2.7 

8.6 

4.0 

15.3 

this  income  level  are  already  campers,  and 
many  more  would  like  to  become  campers 
(tables). 

Because  most  of  the  households  with  low 
potential  for  entering  the  market  had  not  seri- 
ously considered  camping  before  they  were  in- 
terviewed, the  following  descriptions  and  com- 
parisons refer  only  to  households  with  high  or 
moderate  potential  for  entering  the  market 
during  the  next  5  years.  Those  having  low 
camping  potential  (4%  of  the  households) 
have  been  combined  with  the  51  percent  (from 
table  1 )  who  were  either  unlikely  to  try  camp- 
ing or  definitely  not  interested  in  it. 

Among  the  non-camping  households  who 
expressed  a  desire  to  start  camping  (the  high 
and  moderate  potential  group),  25  percent  in- 
dicated a  preference  for  tents,  and  63  percent 
expect  to  use  some  type  of  camping  vehicle 
(camping  trailer,  12%;  travel  trailer,  16%; 
truck  camper,  18%;  pick-up  cover,  5%;  motor 
home,  8%;  and  van  conversion,  4%).  Thirty- 
one  percent  expect  to  rent  the  equipment  for 
their  first  trip,  18  percent  will  borrow,  28  per- 
cent will  probably  purchase,  and  5  percent  al- 
ready own  it. 

These  households,  as  a  group,  exhibit  a 
number  of  characteristics  that  distinguish 
them  from  the  larger  non-market  group.  In 
many  cases,  these  characteristics  validate  our 
measures  of  market  potential  by  revealing  dif- 
ferent interests  in  outdoor  activities.  Other 
characteristics  point  to  the  group's  ability  to 
move  from  potential  participation  to  actual  in- 
volvement. And  still  other  differences  identify 
some  of  the  ways  in  which  it  may  be  possible 
to  reach  the  potential  camping  market 
through  focused  advertising  and  promotion. 

Potential  campers  tend  to  share  more  fam- 


ily leisure  activities  than  either  the  total  U.S. 
public  or  that  segment  of  the  public  which  is 
less  interested  in  camping  (table  9).  And 
those  shared  activities  are  much  more  likely  to 
be  oriented  toward  the  out-of-doors.  Fishing, 
for  example,  was  reported  to  be  a  family  activ- 
ity by  16  percent  of  the  total  sample,  by  11 
percent  of  those  not  interested  in  camping, 
and  by  27  percent  of  the  potential  campers. 
Water  sports  (boating  and  water  skiing)  fol- 
low the  same  pattern.  Picnics  and  cook-outs 
were  reported  to  be  a  family  activity  by  10 
percent  of  the  sample,  by  7  percent  of  those 
less  interested  in  camping,  and  by  18  percent 
of  the  potential  camping  market. 

Although  the  percentages  change,  a  similar 
pattern  governs  other  activities  such  as  vaca- 
tion travel,  hunting,  hiking,  winter  sports,  and 
recent  purchases  of  outdoor  sports  equipment. 
Television  viewing,  on  the  other  hand,  was  re- 
ported as  a  shared  leisure  activity  by  17  per- 
cent of  those  who  are  less  interested  in  camp- 
ing, but  by  only  4  percent  of  the  potential 
campers.  This  may  not  mean  that  they  watch 
television  less,  but  that  they  are  less  likely  to 
consider  it  as  a  family  activity. 

Attendance  at  a  camping  show,  boat  show, 
or  similar  exhibition  of  outdoor  equipment 
during  the  past  2  years  was  twice  as  common 
among  potential  campers  as  among  those  who 
have  little  interest  in  camping.  Nearly  the 
same  pattern  emerges  for  visits  to  city, 
county,  state  and  national  parks  (table  9). 

Potential  camping  households  are  much 
more  likely  to  have  a  vehicle  available  to  facil- 
itate their  camping  interest,  but  they  are  also 
more  likely  to  be  tied  to  a  second,  or  vacation, 
home.  However,  a  comparable  proportion  of 
active  campers  also  own  second  homes. 


8 


Compared  with  the  households  who  are  less 
interested  in  camping,  potential  campers  re- 
ceive more  magazines  in  the  home.  And,  those 
magazines  clearly  reflect  the  diversity  of  their 


interests  (table  9).  The  common  characteris- 
tic of  potential  camping  households  seems  to 
he  a  high  level  of  interest  in  a  variety  of  fami- 
ly-oriented leisure  activities. 


Table  9, — A  comparison  of  leisure  Interests  and  activities 
annong  the  general  public,  potential  campers,  and 
households  with  little  or  no  potential  for  camping 
(In  percent) 


Item 

Total 

Potential 

Little  or  no 

U.S. 

additions  to 

interest  in 

Public 

camping  market 

camping 

Shared  leisure 

activities:" 

Fishing 

16 

27 

11 

Water  sports 

16 

27 

11 

Winter  sports 

4 

8 

1 

Hunting 

4 

6 

2 

Picnics-cookouts 

10 

18 

7 

Travel -vacation 

14 

23 

13 

Walking-hiking 

4 

7 

3 

Television  viewing 

13 

4 

17 

Movies-theatre 

10 

15 

8 

None  shared 

19 

9 

24 

Recent  visits  to: 

Camping-boat  show 

22 

34 

10 

City-county  park 

59 

74 

47 

State  park 

46 

53 

31 

National  park 

33 

35 

21 

National  monument 

22 

25 

15 

National  seashore 

38 

30 

22 

National  forest 

23 

21 

12 

None  of  these 

25 

9 

37 

Recent  recreation 

equiprnent  purchases: 

Fishing 

10 

13 

6 

Hunting 

4 

7 

2 

Winter  sports 

3 

6 

2 

Lawn  and  court  games 

1     12 

21 

12 

Boats 

3 

5 

1 

None  purchased 

47 

34 

62 

Magazines  regularly 

received : 

News 

33 

38 

29 

Sports 

10 

11 

6 

Home-garden 

17 

23 

14 

Hobbies-crafts 

3 

5 

1 

Women's 

24 

29 

20 

Clubs-associations 

3 

4 

2 

None  at  all 

28 

20 

36 

Owns,  or  has  the  use  of: 

2  or  more  autos 

44 

55 

31 

No  car  or  truck 

16 

7 

23 

Vacation  home 

10 

16 

6 

"The  incidences  of  many  of  these  activities  among  the  total 
U.S.  public,  as  reported  in  our  survey,  differ  noticeably  from 
those  given  in  the  1962  report  of  the  Outdoor  Recreation  Re- 
sources Review  Commission,  the  1967  Trends  in  Outdoor  Recrea- 
tion, by  the  Bureau  of  Outdoor  Recreation,  and  the  most  recent 
B.O.R.  survey  as  reported  in  U.S.  News  and  World  Report.  April 
17,  1972.  The  differences  are  probably  due  to  survey  molhodology. 
Each  of  these  other  surveys  presented  a  list  of  activities  to  a 
sarnple  of  adults,  whereas  this  study  asked  for  shared  family 
activities,  and  did  not  use  a  prepared  list  of  possibilities.  The 
1971  B.O.R.  survey  found  22  percent  of  the  population.  9  years 
or  older,  to  be  campers — compared  with  19  percent  of  the  house- 
holds in  the  1971  Forest  Service  study  who  were  active  campers. 


Implications  off  the  1971 
Camper  Market  Survey 

The  sustained  growth  of  the  camping  mar- 
ket during  the  past  decade  impHes  expansion 
of  the  inactive,  and  shrinkage  of  the  potential, 
segments  of  that  market.  The  documentation 
that  an  inactive  segment  exists  and  is  nearly 
equal  in  size  to  the  active  segment  of  the  mar- 
ket is  a  major  finding  of  this  study.  The  effect 
of  the  inactive  segment  on  future  market 
growth  can  only  be  guessed  at.  Questions  of 
when  inactivity  is  temporary  and  when  it  is 
permanent,  its  causes,  and  the  interrela- 
tionships among  those  causes,  cannot  be  ade- 
quately answered  by  this  study.  The  question 
of  how  much  market  "drop-out"  is  due  to  nor- 
mal attrition  and  how  much  is  due  to  unsatis- 
factory conditions  should  be  of  major  concern 
to  the  industry. 

The  growth  of  the  inactive  segment  from  an 
apparently  insignificant  number  in  1960 
(O.R.R.R.C.,  1962),  to  9  million  households  in 
1971  raises  another  important  question  that 
affects  the  viability  of  the  potential  market.  If 
a  large  number  of  these  campers  are  market 
losses  due  to  accelerated  attrition  resulting 
from  a  frivolous  response  to  advertising,  then 
perhaps  a  comparable  portion  of  our  measured 
potential  is  equally  frivolous. 

The  procedures  used  for  identifying  poten- 
tial market  additions  seem  to  be  validated  by 
the  consistently  higher  frequencies  of  family- 
oriented  and  outdoor-oriented  leisure  activi- 
ties found  in  the  potential  camper  .segment. 
However,  this  same  hyperactive  segment  of 
the  population  may  constitute  the  bulk  of  the 
potential  growth  in  many  markets  other  than 
camping— some  of  which  might  be  competitive 
with  camping.  Further,  their  involvement  in  a 
wide  array  of  interests  probably  also  means 
that  this  group  might  be  looking  for  high  qual- 
ity camping  experiences  and  will  be  difficult  to 
hold  in  the  market  if  camping  fails  to  measure 
up  to  its  advertised  image. 

The  concentration  of  potential  campers  in 
the  Northeastern  and  North  Central  regions 
should  be  encouraging  to  the  commercial 
campground  industries  of  those  states,  but 
may  be  a  cause  for  alarm  to  managers  of  some 


already  heavily-used  public  sector  camp- 
grounds. 

At  least  51  percent  of  the  households  sam- 
pled apparently  have  little  or  no  interest  in 
camping.  This  figure  may  be  as  high  as  61  per- 
cent if  the  permanently  inactive  former  camp- 
ing households  are  included.  Whether  any  of 
this  segment  of  the  population  can  eventually 
provide  added  market  growth  is  probably  a  di- 
rect function  of  the  camping  industry's  ability 
to  diversify.  Obviously  these  people  have  been 
exposed  to  many  of  the  promotional  and  social 
stimuli  that  have  caused  others  to  become  in- 
terested in  camping  and  have  not  responded. 
Consequently,  a  new  image  of  camping,  or  per- 
haps a  new  approach  to  selling  an  older  style 
of  camping  (emphasizing  simplicity  and  mini- 
mizing expensive  gadgets),  may  be  the  best 
way  to  add  a  major  new  growth  surge  from 
this  huge  reservoir  of  households  that  have  ap- 
parently "tuned  out"  present  camping  styles. 

A  major  implication  of  a  large  and  expand- 
ing inactive  segment  of  the  camper  market  is 
its  resultant  creation  of  a  subsidiary  market 
for  second-hand  camping  equipment.  Careful 
monitoring,  in  the  years  ahead,  of  production 
and  sales  statistics  for  new  camping  vehicles 
should  reveal  whether  the  inactive  segment  of 
the  market  is  stabilizing,  declining,  or  growing 
in  proportion  to  total  market  growth. 


Recommendations  ffor 
Market  Expansion 

Any  improvement  in  understanding  individ- 
ual market  segments  logically  leads  to  ques- 
tions of  how  these  .segments  can  best  be 
reached  and  served.  Broad-spectrum,  indus- 
try-wide advertising  for  camping  (for  exam- 
ple: "Go  camping— for  the  fun  of  it!")  can 
certainly  be  improved  upon  with  a  little 
knowledge  about  market  segments.  We  know, 
for  example,  that  households  with  high  and 
moderate  potential  for  becoming  campers  (by 
definition)  have  been  thinking  about  going 
camping,  but  have  been  putting  it  off.  A  highly 
relevant  promotional  message  could  encourage 
them  to  go  ahead  and  try  it  with  rented  equip- 
ment, or  at  a  campground  "open  house". 
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A  major  industry-wide  effort,  carefully  fo- 
cused on  specific  market  segments,  might  have 
such  objectives  as  encouraging  active  campers 
to  camp  more,  inactive  campers  to  give  it  an- 
other try,  potential  campers  to  stop  delaying, 
and  low-potential  noncampers  to  take  a  look 
and  see  what  camping  is  really  all  about.  If 
such  an  effort  were  mounted,  it  would  be 
highly  desirable  to  follow  it  with  an  evaluation 
similar  to  the  1971  survey  to  determine  its 
effectiveness. 

If  market  saturation  appears  to  be  ap- 
proaching after  such  an  intensive  promotional 
effort,  that  would  probably  be  an  appropriate 
time  to  re-evaluate  the  roles  of  public  agencies 
in  the  camping  market. 

Although  it  is  seldom  recognized,  public 
agencies  have  clearly  served  as  an  industry- 
wide loss  leader.  That  is,  low-cost  public 
camping  provides  the  stimulus  for  many 
campers  to  buy  equipment  and  enter  the  mar- 
ket. Then,  as  their  interests  shift  to  more  so- 
phisticated camping,  their  patronage  of  public 
developments  declines  and  they  seek  the 
greater  convenience  and  variety  of  commercial 
campgrounds.  This  role  could  probably  be 
strengthened  and  expanded  to  the  benefit  of 
the  total  market.  One  obvious  way  of  expand- 
ing it  is  for  public  campground  managing 
agencies  to  make  a  major  commitment  to  pro- 
vide outdoor  opportunities  for  economically 
disadvantaged  groups.  And  as  the  spending 
power  of  these  groups  increases,  many  may 
move  into  the  market  for  more  expensive 
forms  of  camping.  As  this  survey  has  shown, 
there  is  a  definite  camping  potential  among 
families  at  lower  income  levels. 

For  the  majority  of  public  campgrounds, 
which  are  too  remote  from  population  centers 
to  serve  as  camping  "training  grounds,"  a 
number  of  other  role  definitions  are  possible. 
The  generally  stated  policy  of  providing  mini- 
mal services  at  public  campgrounds  is  not,  in 
many  instances,  accurately  reflected  in  the 
cost  of  developing  those  campgrounds.  At 
costs  per  site  of  up  to  $3,000,  more  than  mini- 
mal services  are  being  offered.  At  those  loca- 
tions where  an  established  clientele  exists, 
public-private  cooperation  through  lease  ar- 
rangements is  an  obvious  opportunity.  At 
other  locations,  a  role  reversal,  with  the  public 
campground  serving  as  an  overflow  for  nearby 


commercial  campgrounds,  may  be  a  logical  de- 
velopment in  keeping  with  the  broader  social 
goals  of  stimulating  rural  economies  and  ex- 
panding the  range  of  services  availal)le  on 
public  recreational  lands. 

The  finding  that  13  percent  of  all  camping 
heads  of  households  do  not  camp  with  their 
families  invites  speculation  about  a  possibly 
emerging  non-family  camping  market,  and 
about  what  the  industry's  appropriate  re- 
sponse might  be.  Solitary  campers,  unrelated 
groups,  and  hunters  and  fishermen  probably 
make  up  the  bulk  of  this  segment.  And,  while 
they  may  provide  only  a  minor  economic  con- 
tribution to  the  total  market,  many  persons 
introduced  to  camping  in  other  than  a  family 
situation  may  eventually  join  and  contribute 
to  the  mainstream  of  the  camping  market.  A 
related  finding  is  that  13  percent  of  the  poten- 
tial camping  market,  and  22  percent  of  the  ac- 
tive market,  are  single  heads  of  households; 
some  of  these  people  may  be  looking  for  some- 
thing other  than  the  conventional  family 
camping  experience. 

In  view  of  the  fact  that  many  campers  ex- 
plained recent  trends  in  their  participation 
(either  up  or  down)  by  various  changes  in 
their  life  situations,  the  op])ortunity  to  pro- 
mote camping  as  one  of  the  lifetime  "sports" 
seems  excellent.  The  great  adaptability  of 
camping  to  diverse  interests,  age  groups,  and 
family  cycle  stages,  should  be  a  relatively  easy 
concept  to  promote. 

Probably  the  single  most  difficult  and  most 
important  problem  facing  the  camping  indus- 
try today  is  camping's  slipping  image.  Com- 
ments such  as  "too  many  people."  "inconsi- 
derate campers,"  "overcrowding  at  camp- 
grounds," and  "dirty  campgrounds,"  are  too 
frequent  and  too  serious  to  ignore. 

This  is  an  industry-wide  problem.  But  at  its 
present  stage  of  development,  the  industry  is 
probably  not  equipped  to  deal  effectively  with 
it,  although  a  number  of  organizations  are  at- 
tempting to  attack  the  problem.  The  several 
programs  of  the  North  y\merican  Family 
Camper's  Association  are  probably  the  most 
outstanding  effort  in  this  field.  The.se  pro- 
grams involve  regional  leadership  conferences 
for  campers,  occasional  exten.sion-type  begin- 
ners' courses  in  equipment  u.sage  and  how  to 
camp,  and  an  extensive  literature  program  on 
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good  camping  manners.  Much  of  this  material 
could  easily  be  expanded  and  made  available 
to  a  wider  audience  through  television  and 
through  adult  education  courses  co-sponsored 
hy  public  agencies,  camper  organizations,  and 


equipment  manufacturers.  Another  approach 
would  be  a  vigorous  federal  program  of  techni- 
cal and  financial  assistance  to  commercial 
campgrounds  to  improve  the  quality  of  camp- 
ing experiences. 
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DEMOGRAPHICS  OF  THE  CAMPING  MARKET 


U.S.  public' 

Camping  households 

Characteristics 

Active 

Inactive 

Potential" 

Head  of  household: 

Percent 

Percent 

Percent 

Percent 

18-29  years  of  age 

30-39 

40-49 

50-59 

60  years  or  over 

26 
17 
18 
15 
23 

43 
21 
17 
13 
5 

30 
15 
21 
14 
20 

40 

28 

17 

8 

7 

Less  than  high  school  complete 
High  school  complete 
Some  college 

41 
36 
23 

25 
41 
34 

30 
41 
28 

30 
42 

27 

Professional 
Managerial 
Clerical,  sales 
Craftsman,  foreman 
Other  manual,  service 
Farmer,  farm  laborer 

12 
10 
12 
17 
23 
3 

18 
12 
14 
25 
18 
2 

14 
10 
17 
19 
16 
3 

15 
10 
12 
19 
32 
4 

Household: 

Non- Metro  -  rural 
urban 
Metro  -  50,000-999,999 

1,000,000  or  over 

11 

21 
27 
41 

13 
26 

27 
34 

8 
26 
28 
37 

9 

21 
25 
45 

Northeast 
North  Central 
South 
West 

25 
28 
30 
17 

16 
31 
24 
29 

16 

28 
29 

27 

30 
36 
22 
12 

Under  $5,000  income 
$5,000  -  $6,999 
$7,000  -  $9,999 
$10,000  -  $14,999 
$15,000  or  over 

29 
12 
18 
22 
17 

16 
12 
19 
26 
24 

25 
7 
20 
25 
20 

13 
12 
20 
25 
21 

White 
Nonwhite 

88 
12 

95 
3 

96 
4 

87 
12 

No  children  in  household 
With  children  under  18 

49 
50 

37 
63 

49 
49 

24 
76 

Own  home 
Rent  home 

65 
35 

65 
34 

66 
33 

67 
33 

Percent  of  sample 
( 2,003  households ) 

100 

19 

14 

11 

"Based  on  a  .sample  of  2,003  households  surveyed  in  Decemher.   1971. 
''Does  not  include  low  potential  group;  another  4%  of  the  population. 
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STATISTICAI-      INTERPRETATION 


Relisbility  off  survey  percentages 

Results  of  any  sample  are  subject  to  sam- 
pling variation.  The  magnitude  of  the  variation 
is  measurable  and  is  affected  by  the  number  of 
interviews  and  the  level  of  the  percentages  ex- 
pressing the  results. 

The  table  below  shows  the  possible  sample 
variation  that  applies  to  percentage  results 
reported  from  the  Opinion  Research  Corpora- 
tion sample.  The  chances  are  95  in  100  that  a 
survey  result  does  not  vary,  plus  or  minus,  by 
more  than  the  indicated  number  of  percentage 
points  from  the  result  that  would  be  obtained 
if  interviews  were  conducted  with  all  persons 
in  the  universe  represented  by  the  sample. 


Size  of 

sample  on 

which  survey 

result  is 

based 

2,000  interviews 
1,000  interviews 
500  interviews 
250   interviews 
100  interviews 


Approximate  sampling  tolerances 

applicable  to  percentages  at  or 

near  these  levels 


10%  or 
90% 

2% 
2% 
3% 
5% 
7% 


30%,  or 
70%o 

3% 
4% 
5% 
7% 
11% 


50%o 

3% 
4% 
5% 
8% 
12% 


Sampling  Tolerances 

When  Comparing  Tvwo  Samples 

Tolerances  are  also  involved  in  the  com- 
parison of  results  from  different  parts  of  any 
one  sample.  A  difference,  in  other  words,  must 
be  of  at  least  a  certain  size  to  be  considered 
statistically  significant.  The  table  below  is 
a  guide  to  the  sampling  tolerances  applicable 
to  such  comparisons. 


Sizes  of 

samples 

being 

compared 

1,000  and  1,000 
1,000  and  500 
500  and  500 
500  and  200 
200  and  200 
200  and  100 
100  and  100 


Differences  required  for 

significance''  at  or  near  these 

percentage  levels: 


10%o  or 
90%, 

3% 
4% 
5% 
6% 
7% 
9% 

10  v;. 


30  or 
70%, 

5% 
6% 

7% 

9% 

11% 

14% 
16% 


50%o 

6% 
7% 

8% 
10% 

12% 
15% 

17% 


'At  the  95%  probability  level. 
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INTERVIEWING      MATERIALS 


SECTION   C 


The  next  group  of  questions  concerns  your  leisure  interests  and  your  possible 
interest  in  vacation  travel  and  family  camping. 


SHOW  EXHIBIT  C-1 
CI.   Have  you  ever  gone  on  an  overnight  trip  with  your 
family,  or  with  friends,  and  used  any  of  the  types 
of  equipment  shown  on  this  card?   Do  not  include  any 
camping  trips  you  took  with  scouting  groups,  or_ 
while  you  were  in  the  military  service. 


YESh^— SKIP  TO 
Q.  C5 


2   NO 


DON'T  KNOW 


IF  "NO"  ON  Q.  CI,  ASK) ; 
C2.   Have  you,  or  has  your  spouse,  ever  considered 
going  on  such  a  trip? 


IF  "YES"  ON  Q.  C2,  ASK] 
SHOW  EXHIBIT  C-3 


YES 
NO}-^^SKIP  TO 
Q.  C4 
DON'T  KNOW 


C3, 


Which  one  of  the  statements  on  this  card  best  describes 
your  family's  present  attitude  toward  camping?  Just  read 
me  the  number,  please. 


5   DON'T  KNOW 


SKIP  TO 
Q.  C21 

(IF  "NO"  ON  Q.  C2,  ASK] 


SKIP  TO 
Q.  C24 


C4.   Would  you  say  that  it  is  likely  or  not 

likely  that  you  might  go  camping  with 

your  family  some  time  in  the  next  4-5 
years? 

NOW  SKIP  TO  Q.  C24 


1   LIKELY 
2   NOT  LIKELY 
3   DON'T  KNOW 


SHOW  EXHIBIT  C-1  AGAIN 
C5.   These  are  silhouettes  of  several  kinds  of  camping  equipment.   Which  of 

these  is  most  like  the  equipment  you  used  for  your  last  such  trip?   Just 
read  me  the  letter,  please. 


C6a.   For  this  trip  did  you 

1.  Rent 

2.  Borrow 

3.  Purchase 

4.  Or  already  own  this  equipment? 

5.  DON'T  KNOW 
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B.   CAMPING  TRAILER 
(Folding) 


C6b. 

For  th 

is  trip  did  you 

1. 

Rent 

2. 

Borrow 

3. 

Purchase 

4. 

Or  already  own  this  equipment? 

5. 

DON'T  KNOW 

C.   TRAVEL  TRAILER 


;Any  kind,  any  size; 


C6c. 

For  th 

is  trip  did  you 

1. 

Rent 

2. 

Borrow 

3. 

Purchase 

4. 

Or  already  own  this  equipment? 

5. 

DON'T  KNOW 

D.   TRUCK  CAMPER 


E.   PICK-UP  COVER 


■^"^ 


C6d. 

For  th 

is  trip  did  you 

1. 

Rent 

2. 

Borrow 

3. 

Purchase 

4. 

Or  already  own  this  equipment? 

5. 

DON'T  KNOW 

C6e. 

For  th 

is  trip  did  you 

1. 

Rent 

2. 

Borrow 

3. 

Purchase 

4. 

Or  already  own  this  equipment? 

5. 

DON'T  KNOW 

F.   MOTOR  HOME 


G.   VAN  CONVERSION 


C6f. 

For  th 

is  trip  did  you 

1. 

Rent 

2. 

Borrow 

3. 

Purchase 

4. 

Or  already  own  this  equipment? 

5. 

DON'T  KNOW 

C6g. 

For  this  trip  did  you 

1. 

Rent 

2. 

Borrow 

3. 

Purchase 

4. 

Or  already  own  this  equipment? 

5. 

DON'T  KNOW 

OTHER 


-^ 


Please  specify) : 


C6x. 

For  th 

is  trip  did  you 

1. 

Rent 

2. 

Borrow 

3. 

Purchase 

4. 

Or  already  own  this  equipment? 

5. 

DON'T  KNOW 

DON'T  KNOW 
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C7.   During  the  past  12  months,  how  many  camping 
trips  did  you  go  on? 


#  OF  TRIPS 


X   NONE 
Y   DON'T  KNOW 


IF  "NONE"  ON  Q.  C7,  ASK)  ; 

C8.   About  how  many  years  ago  did  you  take 
your  last  camping  trip? 

NOW  SKIP  TO  Q.  C12 


YEARS  AGO 


X   DON'T  KNOW 


C9.   In  total,  how  many  nights  were  spent  away  from 
home  on  these trips? 


#  OF  NIGHTS 


X   NONE 
Y   DON'T  KNOW 


CIO.   In  total,  how  many  different  privately  owned  and  how  many  federal  or  state 
government  owned  campgrounds  did  you  stay  at  while  on  the  trips? 


PRIVATELY  OWNED 


GOVERNMENT  OWNED 


X  NONE 
Y   DON'T  KNOW 


X  NONE 
Y   DON'T  KNOW 


Cll.   Approximately  how  many  of  these 


trips  were  predominantly  family 


camping  or  vacation  travel  trips,  how  many  were  for  hunting  and  fishing, 
and  how  many  were  business  trips  at  least  in  part? 

#  FAMILY  CAMPING  AND  VACATION  TRAVEL 


#  HUNTING  AND  FISHING 

#  BUSINESS  TRIPS 


X   DON'T  KNOW 


C12.   In  what  year  did  you  begin  camping  as  a 

family?  YEAR 

(INTERVIEWER:   IF  "NEVER",  CIRCLE  "Y"  AND  ASK:  ^   ^^^.^  REMEMBER 

"When  did  you,  yourself,  begin  camping?")        ^  NEVER  CAMPS  WITH  FAMILY 
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INTERVIEWER: 


IF  "1970"  OR  EARLIER,  ASK  Q.  C13 
Q.  C18. 


C17.   IF  "1971",  SKIP  TO 


(IF  "1970"  OR  EARLIER  ON  Q..  C12,  ASK] 


C13.  Do  you  camp  about  the  same  number  of  nights 

each  year,  or  has  your  participation  in  camping 
been  increasing  or  decreasing  during  the  past  few 
years? 


1   SAME 
2   INCREASING 
3   DECREASING 
4   VARIES 
5   DON'T  KNOW 


C14. 


Do  you  expect  to  do  more,  or  less,  camping 
in  the  next  2-3  years? 


1  MORE 
2  LESS 


3   ABOUT  THE  SAME 
4  DON'T  KNOW 


IF  "MORE"  OR  "LESS"  ON  Q.  014,  ASK) ; 
C15.   Why  do  you  say  that? 


C16. 


In  the  past,  what  has  kept  you  from  camping  more  frequently 
than  you  have  camped? 


017. 


During  the  past  few  years,  have  you  noticed  any  major  changes  in  the 
condition  of  campgrounds,  in  the  costs  of  camping,  or  in  the  types 
of  people  who  go  camping?   If  so,  what  have  you  noticed? 
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C18.   Approximately  how  much  money  did  you  spend  during  the  past  12  months  for 
the  rental  and  how  much  for  the  purchases  of  camping  equipment  of  all 
types?   That  is,  big  items  like  tents  and  trailers  plus  small  items  like 
sleeping  bags  and  lanterns — but  not  food.   First,  rentals;  then, 
purchases. 

$  RENTALS        $  PURCHASES 


X   NOTHING 
Y   DON'T  KNOW 

C19.   Approximately  how  much  money  did  you  spend  during  the  past  12  months 

while  on  camping  trips  in  total  for  items  like  gasoline,  tolls,  camping 
fees,  meals,  and  groceries? 


X   NOTHING 

Y   DON'T  KNOW 

SHOW  EXHIBIT  C-1 

C20.   Which  of  these  types  of  camping  equipment  have  you  used  in  the  past? 

Please  list  them  in  the  order  you  used  them;  that  is,  which  is  most  like 
the  equipment  you  used  on  your  first  trip,  and  list  all  others  right  up 
to  that  used  on  your  last  trip. 


TRIP  # 

1. 

A 

B 

C 

D 

E 

F 

G 

TRIP  # 

2. 

A 

B 

C 

D 

E 

F 

G 

TRIP  # 

3. 

A 

B 

C 

D 

E 

F 

G 

TRIP  # 

4. 

A 

B 

C 

D 

E 

F 

G 

TRIP  # 

5. 

A 

B 

C 

D 

E 

F 

G 

TRIP  # 

6. 

A 

B 

C 

D 

E 

F 

G 

TRIP  # 

6. 

A 

B 

C 

D 

E 

F 

G 

TRIP  # 

7. 

A 

B 

c 

D 

E 

F 

G 

INTERVIEWER:   CHECK  BACK  TO  Q.  C3.   IF  #1  or  #2  CIRCLED,  ASK  Q.  C21  &  C22 ; 
OTHERWISE,  SKIP  TO  Q.  C23 . 

SHOW  EXHIBIT  C-1 

C21.   Which  of  these  types  of  camping  equipment  will  you  most  likely  use  when 
you  start  camping — for  your  first  trip? 

A    B    C    D    E    F    G 

X  DON'T  KNOW 

C22.   Will  your  equipment  for  your  first  trip  most 

likely  be  .  .  .  1  Rented 

2   Borrowed 
3  Purchased 
4  Or  do  you  already 
own  it? 
5   DON'T  KNOW 
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NOW  SKIP  TO  Q.  C24 

C23.   Which  of  these  will  you  probably  purchase  next? 


X   NONE  OF  THESE 
Y   DON'T  KNOW 

Here  are  some  questions  about  your  leisure  time  — 

C24.   What  kinds  of  leisure  activities  (other  than  camping) 
in  with  members  of  your  immediate  family? 


do  you  participate 


C25. 


C26. 


What  kinds  of  leisure  activities  do  you  and  your  spouse  participate  in, 
but  do  not  share?   First,  your  activities;  then  your  spouse's. 


Respondent ' s : 


1. 


Spouse' s : 
1. 


2. 


2. 


3. 


X   NONE 
Y   DON'T  KNOW 


X   NONE 
Y   DON'T  KNOW 
Sp   NO  SPOUSE 


Approximately  how  many  hours  in  an  average  week  do  you  and  your  spouse 
spend  in  meetings  and  in  voluntary  work  with  clubs,  civic  associations, 
service  organizations,  and  church  activities?   First,  your  activities, 
then  your  spouse's. 


Respondents : 

#  OF  HOURS 

X  NONE 
Y   DON'T  KNOW 


Spouse: 


#  OF  HOURS 


X  NONE 
Y   DON'T  KNOW 
Sp   NO  SPOUSE 
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C27.   What  magazines  are  regularly  received  in  your  household? 

X  NONE 

Y   DON'T  KNOW 


C28.   Do  you  belong  to  an  automobile  club? 


1   YES 


2  NO 
3   DON'T  KNOW 


IF  "YES"  ON  Q.  C28,  ASK)  ; 

C29.   What  is  the  name  of  the  automobile  club(s)  you  belong  to? 


C30.   At  the  present  time,  how  many  automobiles,  vans,  panel  and  pick-up 
trucks,  in  running  condition,  do  you  have  the  use  of? 


#  of  autos 


#  of  trucks 


X  NONE 
Y   DON'T  KNOW 


X  NONE 
Y  DON'T  KNOW 


SHOW  EXHIBIT  C-31 

C31.   During  the  past  two  years,  have  you  visited  any  of  the  following  placef 
listed  on  this  card?  Just  read  me  the  numbers,  please. 

12      3      4      5       6 

7   NONE  OF  THESE 
8   DON'T  KNOW 

C32.   Have  you,  or  has  anyone  in  your  immediate  family,  attended  a  camping 

show,  boat  show,  or  similar  exhibition  of  outdoor  recreation  equipment 
during  the  past  two  years? 

1   YES 
2  NO 
3   DON'T  KNOW 
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C33.   Do  you  happen  to  recall  your  last  2  to  3  purchases  of  outdoor  recreation 
equipment  for  family  use,  and  in  what  year  did  you  purchase  them? 


ITEM 

1.  _ 

2.  

3.  _ 

4.  


YEAR  PURCHASED 


5. 


X   NONE  PURCHASED 
Y   CAN'T  REMEMBER 


C34.   Do  you  own,  or  have  the  use  of  a  vacation  home? 
(INTERVIEWER:   INCLUDE  TRAILER  ONLY  IF  IT 
IS  STATIONARY.) 


YES 


2   NO 
3   DON'T  KNOW 


IF  "YES"  ON  Q.  C34,  ASK)  : 


C35.   How  many  miles  from  your  home  is  it  to  your  vacation  home? 

#  of  miles 


X  DON'T  KNOW 

C36.   On  the  average,  how  many  days  per  year  do  you  use  your  vacation 
home? 

#  of  days  per  year 


X  DON'T  KNOW 
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EXHIBIT  C-1 


A.     TENT   (Any  kind,  any  size; 


B.     CAMPING  TRAILER   (Folding) 


'^zy 


A 


C.     TRAVEL  TRAILER   (Any  kind,  any  size) 


D.     TRUCK  CAMPER 


Uy 


E.     PICK-UP  COVER 


F.     MOTOR  HOME 


G.     VAN  CONVERSION 
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EXHIBIT  C-5 

1  We  are  planning  to  try  it  next  year. 

2  We  hope  to  try  camping  sometime  in  the  future,  but 
probably  not  next  year. 

3  We  are  unlikely  to  try  camping  in  the  foreseeable  future. 

4  We  are  definitely  not  interested  in  camping. 


EXHIBIT  C-31 

1  A  city  park  or  county  park 

2  A  state  park 

3  A  national  park  or  recreation  area 

4  A  national  monument 

5  A  national  forest 

6  A  national  seashore 
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SAMPLING      PROCEDURES 


This  report  presents  the  findings  of  a  per- 
sonal interview  research  survey  conducted 
among  2,003  men  and  women  18  years  of  age 
or  over  Hving  in  private  households  in  the  con- 
tinental United  States. 

The  most  advanced  probability  sampling 
techniques  were  used  in  the  design  and  execu- 
tion of  the  sample  plan  and  the  results,  there- 
fore, may  be  projected  to  the  total  U.S.  pop- 
ulation of  men  and  women  18  years  of  age  or 
over. 

The  Opinion  Research  Corporation  master 
sample  consists  of  360  communities,  which  are 
arranged  in  six  blocks.  The  60  communities 
within  each  block  are  further  distributed  into 
six  national  probability  samples  of  10  com- 
munities each.  Each  block  is  an  independent 
probability  sample  and  can  be  used  alone  or 
in  combination  with  other  blocks. 

To  construct  the  sample,  all  3070  U.S. 
counties  were  grouped  into  areas  designated 
by  the  U.S.  Office  of  Business  Economics. 
Within  each  area,  counties  were  arranged  by 
descending  population  size.  These  171  area 
groupings  were  then  arranged  in  geographical 
order  from  north  and  east  to  south  and  west. 
Sixty  counties  were  then  chosen  at  random  by 
systematic  sampling  (with  probability  propor- 
tional to  size  of  population)  to  form  a  block. 
The  process  was  repeated  with  different  start- 
ing points  to  obtain  a  total  of  six  blocks. 

Within  each  county  thus  selected,  all  Minor 
Civil  Divisions  (MCD),  with  the  estimates  of 
their  current  populations,  were  listed.  The 
next  step  was  to  select  at  random  (with 
probability  proportional  to  its  population)  a 
single  MCD  from  each  county. 

A  primary  sampling  unit  (PSU)  is  a  device 
for  initiating  and  localizing  the  choice  of  a 
starting   point    within    each    county.    In    the 


Opinion  Research  Corporation  sample,  the 
PSU  is  a  community,  which  is  defined  by  the 
area  covered  by  the  largest  telephone  book 
containing  the  selected  MCD.  Sample  sizes 
can  be  adjusted  by  varying  the  number  of 
starting  points  within  each  PSU. 

The  sampling  elements,  the  individuals  to 
be  interviewed,  are  .selected  as  follows: 

1.  The  required  number  of  starting  points  are 
chosen  for  the  PSU  (telephone  book), 
using  randomizing  techniques,  from  the 
households  listed  in  each  such  phone  book. 

2.  Each  starting  point  is  then  used  to  deter- 
mine a  "cluster"  of  households  (both  with 
and  without  listed  telephones)  in  which 
interviews  will  be  conducted.  The  first  in- 
terviewing point  is  the  household  immed- 
iately to  the  left  of  the  starting  point. 
Each  starting  point  effectively  determines  a 
neighborhood  in  which  interviewing  will  be 
conducted.  The  procedures  outlined  above 
give  to  every  neighborhood  of  any  given 
size  in  a  stratum  equal  probability  of  being 
chosen  for  interviewing. 

3.  The  interviewers  select  individuals  to  be 
interviewed  from  each  household  of  the 
cluster  by  a  prescribed  rule.  Only  one  in- 
terview was  taken  per  household,  regardless 
of  the  number  of  people  18  years  of  age  or 
over  in  the  household.  Weights  were  in- 
troduced into  the  tabulations  to  ensure 
proper  repre.sentation  in  the  sample. 

4.  Interviewing  for  this  Caravan  sun'ey,  was 
completed  during  the  period  November  15 
through  December  6,  1971,  by  members  of 
the  Opinion  Research  Corporation  national 
interviewing  staff.  All  inter\'iews  were  con- 
ducted in  the  homes  of  resjiondents. 
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THE  FOREST  SERVICE  of  the  U.  S.  Depart- 
ment of  Agriculture  is  dedicated  to  the  principle  of 
multiple  use  management  of  the  Nation's  forest  re- 
sources for  sustained  yields  of  wood,  water,  forage, 
wildlife,  and  recreation.  Through  forestry  research, 
cooperation  with  the  States  and  private  forest 
owners,  and  management  of  the  National  Forests 
and  National  Grasslands,  it  strives  —  as  directed 
by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 
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CROP-TREE  RELEASE 

a^  ^eCCouA-^o^Uoft  and  SiacA  ^^^nnxf 


ABSTRACT 

Five  years  after  crop-tree  release  of  yellow-poplar  and  black 
cherry  stems  in  a  7-year-old  stand  of  Appalachian  hard- 
woods, measurements  indicated  that  released  trees  were  but 
slightly  superior  to  control  trees  in  height,  diameter,  and 
crown  position.  Sprout  regrowth  of  cut  tree  stems  and  grape- 
vines had  largely  nullified  the  effects  of  release.  Indications 
are  that  for  release  to  be  effective,  crop  trees  of  these  species 
on  good  sites  should  be  15  to  20  feet  tall. 


I  HIS  is  a  report  on  the  results  of  a  crop- 
tree  release  made  in  a  7-year-old  even-aged 
hardwood  stand  growing  on  an  excellent  site 
in  the  Central  Appalachians.  The  objective  of 
this  study  was  to  test  the  feasibility  of  making 
a  crop-tree  release  as  soon  as  crop  trees  could 
be  selected— immediately  after  the  canopy 
closed  and  crown  classes  could  be  distin- 
guished. 

The  purpose  of  making  the  operation  so 
early  was  to  enhance  the  possibility  of  improv- 
ing species  composition.  A  crop-tree  release 
was  used  rather  than  an  area-wide  thinning 
because  releasing  individual  trees  is  much  less 


expensive;  and  when  interest  rates  are  con.sid- 
ered,  the  carrying  charge  for  work  done  early 
in  the  life  of  a  stand  mounts  high.  To  be  eco- 
nomically justified,  such  work  must  result  in 
an  appreciable  dollar  improvement  in  the 
stand  at  harvest  time. 

To  measure  the  biological  response  to  the 
relea.se  operation,  a  number  of  variables  were 
examined  in  detail. 

The  relationships  established  by  this  study 
add  to  the  growing  body  of  information  about 
early  intermediate  operations  in  even-aged 
hardwood  stands.  More  data  of  this  nature  are 
needed  before  detailed  guidelines  can  be  de- 


veloped  for  operations  of  this  kind— or  even  be- 
fore a  good  case  can  be  made  that  precommer- 
cial  operations  are  worthwhile. 


DESCRIPTION 
OF  THE  AREA 

The  study  locale  was  the  Fernow  Experi- 
mental Forest  near  Parsons,  West  Virginia. 
Site  quality  was  excellent:  site  index  75  to  80 
for  oak.  The  soil  was  a  well-drained  silt  loam 
derived  mostly  from  sandstone  and  shale,  but 
with  some  limestone  influence.  Elevation  of 
the  study  area  was  about  2,800  feet,  and 
steepness  of  slope  averaged  about  30  percent. 
Annual  rainfall  was  about  59  inches  and  was 
well-distributed;  the  frost- free  growing  season 
was  about  4 1^^  months. 

The  7-year-old  stand  developed  as  a  result 
of  clear-cutting  a  well-stocked  95-year-old  un- 
managed  hardwood  stand  containing  a  wide 
variety  of  desirable  species.  The  harvest  pro- 
duced 23,500  board  feet  of  sawlogs  and  15 
cords  of  pulpwood  per  acre.  All  1-  to  5-inch 
stems  left  standing  following  this  harvesting 
were  felled  shortly  thereafter. 

STUDY  METHODS 

The  sample-tree  population  included  the 
two  shade-intolerant  species,  black  cherry 
(Prunus  serotina  Ehrh.)  and  yellow-poplar 
{Liriodendron  tulipifera  L.).  For  each  species, 
three  crown  classes  were  studied:  dominants, 
codominants,  and  intermediates.  For  each 
species/crown-class  combination,  40  stems 
were  designated;  of  these,  half  were  chosen  at 
random  as  treatment  trees  and  half  were  un- 
treated controls.  Thus  a  total  of  240  sample 
trees  were  used :  2  species  x  3  crown  classes  x  2 
treatment  classes  (release  and  control)  x  20 
trees  per  group. 

These  sample  trees  were  permanently  num- 
bered and  identified  in  the  7-year  old  hard- 
wood stand.  The  following  measurements  were 
taken  on  each  of  them:  d.b.h.,  height,  and 
length  of  clear  stem.  Repeat  measurements 
were  made  after  two  and  five  growing  seasons. 
At  each  repeat  measurement,  crown  classes 
were  re-identified. 


After  the  initial  classification  and  measure- 
ments were  made,  the  crop  trees  designated 
for  treatment  were  released  by  cutting  around 
the  base  of  each  in  a  5-foot  radius  all  woody 
stems  that  were  over  half  as  tall  as  the  crop 
trees.  All  grapevines  growing  in  the  crop  trees 
were  severed.  This  operation  left  all  released 
trees  in  a  dominant  crown  position. 

RESULTS 

Effect  on  Height 

When  the  data  were  analysed  for  the  5-year 
after-treatment  period,  they  indicated  that 
the  height  of  released  trees  did  not  differ  sig- 
nificantly from  the  height  (at  the  5-percent 
level)  of  the  control  stems  (table  1).  This  was 
true  for  all  three  crown  classes:  dominant,  co- 
dominant  and  intermediate. 

However,  when  the  data  were  analysed  for 
the  2-year  period  and  the  following  3-year  pe- 
riod separately  (the  5-year  period  was  split), 
a  different  picture  emerged  (figs.  1  and  2). 
For  the  2-year  period  after  release  (7  to  9 
years),  released  stems  of  all  crown  classes  of 
both  species  grew  slower  than  the  control 
stems.  Because  we  took  only  2-year  measure- 
ments, we  do  not  know  whether  growth  was 
reduced  both  years  or  only  the  first.  For  the 
following  3-year  period,  the  situation  was  re- 
versed; and  released  stems  of  all  crown  classes 
of  both  species  grew  slightly  faster  than  con- 
trol stems.  Not  until  more  time  has  passed  will 
we  be  able  to  determine  the  duration  of  this 
trend. 

This  reversal  of  height  growth  advantage  is 
consistent  with  the  findings  of  Allen  and  Mar- 
quis (1970).  They  found  that  height  growth 
was  reduced  by  very  heavy  thinning  and  fa- 
vored by  moderate  thinning— conditions  ap- 
proximated for  the  released  crop  trees  during 
the  2-year  and  3-year  measurement  periods 
after  the  release  operation. 

Two  other  height/growth  relationships 
show  up  in  the  data.  First  is  the  expected 
greater  height  and  greater  height  growth  of 
the  more  dominant  trees,  both  released  and 
control.  In  addition,  the  data  indicated  that 
until  about  10  years  of  age  black  cherry  grew 
faster  in  height  than  yellow-poplar,  but  then 
yellow-poplar  grew  faster  (fig.  3  and  table  1). 


Table  I. — Total  heights  and  height-growth  rates  for  released  and  unreleased  stems 


Treatment 

Samp] 
trees" 

Total  height" 

Height  growth 

Crown  class 

before 
treatment 

e         At  7 
years 

At  9 

years 

At  12 

years 

7  to  9  years 
annual 

9  to  12  years 
annual 

No. 

Feet 

Feet 

Feet 

Feet 

Feet 

YELLOW-POPLAR 

Dominant 
Dominant 

Release 
Control 

20 
20 

10.55 
10.22 

14.76 

15.28 

24.51 
24.01 

2.10 
2.53 

3.25 
2.91 

Codominant 
Codominant 

Release 
Control 

19 
17 

8.84 
9.03 

12.06 
13.62 

20.66 
20.48 

1.61 
2.30 

2.87 
2.29 

Intermediate 
Intermediate 

Release 
Control 

16 

14 

7.69 
8.25 

10.25 
11.57 

14.92 
14.92 

1.28 
1.66 

1.56 
1.12 

BLACK  CHERRY 

Dominant 
Dominant 

Release 
Control 

20 
20 

13.10 
12.98 

17.61 
18.14 

25.26 
25.58 

2.26 

2.58 

2.55 
2.48 

Codominant 
Codominant 

Release 
Control 

19 
20 

9.84 
9.82 

13.46 
14.29 

20.15 
19.18 

1.81 
2.24 

2.23 
1.63 

Intermediate 
Intermediate 

Release 
Control 

19 
17 

7.66 

7.79 

10.22 
11.52 

15.21 
14.81 

1.28 
1.86 

1.66 

1.10 

'Data  are  based  on  the  trees  still  liviriK 
class. 

''Release  and  original  measurements  at 


at  12  years;    20  sample   trees   were  originally   designated    in   each 
7  years,  with  succeeding  measurements  at  9  and  12  years. 


Figure  I. — Yellow-poplar  heights. 


Figure  2. — Black  cherry  heights. 
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Figure  3. — Height  growth  of  dominant  unreleased  stenns  of  yellow-poplar 

and  black  cherry. 
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Table  2. — D.b.h.  and  d.b.h.  growth  rates  for  released  and  unreleased  trees 


Treatment 

Samph 
trees' 

D.b.h 

." 

D.b.h. 

growth 

Crown  class 

before 
treatment 

3          At  7 
years 

At  9 
years 

At  12 
years 

7  to  9  years 
annual 

9  to  12  years 
annual 

No. 

In. 

In. 

In. 

In. 

In. 

YELLOW-POPLAR 

Dominant 
Dominant 

Release 
Control 

20 
20 

0.91 
.86 

1.53 
1.46 

2.72 
2.54 

0.31 
.30 

0.40 
.36 

Codominant 
Codominant 

Release 
Control 

19 

17 

.62 
.64 

1.01 
1.12 

1.69 
1.78 

.20 
.24 

.23 
.22 

Intermediate 
Intermediate 

Release 
Control 

16 
14 

.47 
.49 

.72 
.76 

1.04 
1.01 

.12 
•14 

.11 
.08 

BLACK  CHERRY 

Dominant 
Dominant 

Release 
Control 

20 
20 

1.12 
1.11 

1.79 
1.80 

2.80 
2.71 

0.34 
.34 

0.34 
.30 

Codominant 
Codominant 

Release 
Control 

19 
20 

.64 
.69 

1.05 
1.06 

1.56 
1.42 

.20 

.18 

.17 
.12 

Intermediate 
Intermediate 

Release 
Control 

19 
17 

.39 

.40 

.67 
.62 

.99 

.77 

.14 
.11 

.11 
.05 

"Data  are  based  on  the  trees  still  living  at  12  years;   20  sample  trees  were  originally  designated   in  each 
class. 

"Release  and  original  measurements  at  7  years,  with  succeeding  measurements  at  9  and  12  years. 


One  reason,  which  at  least  in  part  accounts  for 
the  early  growth  superiority  of  black  cherry,  is 
that  many  of  the  black  cherry  stems  were 
small  seedling-sprouts,  but  all  the  yellow-pop- 
lars were  seedlings. 

Effect  on  Diameter 

No  statistically  significant  difference 
showed  up  between  diameter  of  released  and 
control  stems  after  2  years  and  5  years  (table 
2).  However,  for  the  last  3  years  of  the  5-year 
period,  diameter  growth  was  slightly  greater 
for  the  released  stems,  particularly  for  the  in- 
termediate crown  class  where  for  black  cherry 
the  difference  was  significant  at  the  5-percent 
level.  This  suggests  the  possibilities  of  the 
same  sort  of  delayed  reaction  that  occurred 
with  height  growth,  but  to  a  lesser  degree. 

As  with  height  growth,  diameter  growth  was 
much  greater  for  the  more  dominant  stems, 
both  released  and  unreleased.  Also,  as  with 
height  growth,  during  the  measurement  period 
yellow-poplar  caught  up  with  and  surpassed 
black  cherry  in  diameter  growth. 


Effect  on  Length 
of  Clear  Stem 

Release  retarded  stem  pruning,  at  least 
temporarily.  This  is  evidenced  by  the  greater 
gain  in  clear  length  during  the  2-year  after-re- 
lease period  by  the  unreleased  trees  compared 
to  the  released  trees  (table  3).  This  relation- 
ship held  for  all  crown  classes  of  both  species. 
During  the  succeeding  3  years,  however,  the 
released  stems  of  all  crown  classes  of  yellow- 
poplar  cleared  up  at  a  faster  rate  than  control 
stems,  indicating  that  for  this  species  the  two 
classes  of  trees  are  now  approaching  equality 
in  length  of  clear  stem.  This  same  trend  was 
not  evident  with  black  cherry. 

No  statistical  difference  in  length  of  clear 
stem  was  evident  between  crown  classes  for  ei- 
ther species,  but  as  a  percent  of  total  height, 
length  of  clear  stem  increased  with  decreasing 
crown  class;  intermediate  trees  had  a  greater 
percent  of  stem  in  clear  length  than  had  domi- 
nants. 

At  12  years  of  age,  yellow-poplar  had  a 
greater  percent  of  tree  height  in  clear  length 


Table  3. — Length  of  clear  stem  and  clear-stem  increase  for  released 
and  unreleased  trees 


Sampli 

Length  of  clear  stem*" 

Clear-stem  increase 

Crown  class 

hpfnrp 

s          At  7 

At  9 

At  12 

7  to  9  years 

9  to  12  years 

treatment 

Treatment 

trees- 

years 

years 

years 

annual 

annual 

No. 

Feet 

Feet 

Feet 

Feet 

Feet 

YELLOW-POPLAR 

Dominant 

Release 

20 

3.63 

4.26 

10.56 

0.32 

2.10 

Dominant 

Control 

20 

2.97 

5.04 

10.70 

1.04 

1.89 

Codominant 

Release 

19 

3.66 

4.67 

9.99 

.51 

1.77 

Codominant 

Control 

17 

3.11 

6.09 

10.59 

1.49 

1.50 

Intermediate 

Release 

16 

3.76 

4.84 

8.17 

.54 

1.11 

Intermediate 

Control 

14 

4.13 

6.40 

9.14 

1.14 

.91 

BLACK  CHERRY 

Dominant 

Release 

20 

3.50 

3.97 

7.50 

0.24 

1.18 

Dominant 

Control 

20 

3.49 

4.86 

9.34 

.68 

1.49 

Codominant 

Release 

19 

3.35 

4.11 

7.55 

.38 

1.15 

Codominant 

Control 

20 

3.86 

4.89 

9.88 

.52 

1.66 

Intermediate 

Release 

19 

3.02 

3.49 

6.64 

.24 

1.05 

Intermediate 

Control 

17 

3.66 

4.85 

6.88 

.60 

.68 

■Data  are  based  on  the  trees  still  living  at  12  years;    20  sample  trees   were   originally   designated   in   each 
class. 

"Release  and  original  measurements  at  7  years,  with  succeeding  measurements  at  9  and  12  years. 


than  had  black  cherry,  for  both  release  and 
control  trees.  Yellow-poplar  is  obviously  a 
faster  pruner. 


Effect  on  Dominance 
Classification 

As  stated  previously,  crown  classes  were  de- 
termined before  release,  but  all  released  trees 
were  left  after  the  operation  in  a  dominant  po- 
sition. The  control  (unreleased)  trees  were 
left  in  their  original  crown  position.  At  5 
years,  all  sample  trees  were  again  classified  as 
to  crown  position  (table  4).  The  changes  over 
this  5-year  period  lead  to  the  following  state- 
ments: 

For  both  species,  many  trees  of  all  crown 
classes,  both  released  and  control,  retro- 
gressed. This  was  true  even  of  dominant  trees; 
only  60  percent  of  released  dominant  yellow- 
poplar  and  black  cherry  were  still  dominant  5 
years  after  release.  The  percentages  for  con- 
trol dominants  were  about  the  same— 50  per- 
cent of  the  yellow-poplar  and  60  percent  of 
the  black  cherry  stems  were  still  dominant 
after  5  years.  In  the  12-year-old  stand,  80  to 
95  percent  of  all  originally  dominant  stems 
were  codominant  or  better. 


About  50  percent  of  the  yellow-poplar  co- 
dominant  (original  crown  positions)  were  co- 
dominant  or  better  after  5  years,  with  little 
difference  between  released  and  control  stems. 
For  codominant  black  cherry,  the  figure  was 
about  25  percent,  with  little  difference  be- 
tween released  and  control  stems. 

Intermediate  trees  of  both  species,  both  re- 
lease and  control  stems,  were  retrogressing 
rapidly  at  12  years,  although  current  figures 
indicate  that  release  has  retarded  this  .some- 
what (table  4).  Five  to  15  percent  of  the  origi- 
nally intermediate  stems  were  codominant  or 
better  at  5  years. 

In  general,  after  5  years  the  effects  of  re- 
lease on  crown  position  were  small  and  were 
limited  largely  to  the  intermediate  crown  class 
which,  however,  showed  no  promise  of  becom- 
ing a  permanent  component  of  the  stand. 

Assuming  a  codominant  position  as  the  min- 
imum dominance  level  acceptable  for  a  poten- 
tial crop  tree  in  the  12-year-old  stand,  it  ap- 
pears then  that  in  the  7-year-old  stand  only 
dominant  trees  are  good  prospects  of  being  co- 
dominant  or  better  5  years  later.  And  because 
release  apparently  results  in  little  growth  im- 
provement in  trees  of  this  crown  class,  there  is 
little  or  nothing  to  be  gained  by  releasing 
them. 


Table  4. — Five-year  change  In  crown  class 


Crown  class 
hefnre  releasp 

Treatment 

Crown  class  5 

>  years 

later 

] 
Dead    o 

in  1966 

Dominant 

Codominant 

Intermediate 

Overtopped 

vertopped 

No. 

Pet. 

No. 

Pet. 

No. 

Pet. 

No. 

Pet. 

No. 

Pet. 

.    Pet. 

YELLOW-POPLAR 

Dominant 
Dominant 

Release 
Control 

12 
10 

60 

50 

6 
6 

30 
30 

2 
3 

10 
15 

0 
1 

0 
5 

0 
0 

0 
0 

0 
5 

Codominant 
Codominant 

Release 
Control 

1 

4 

5 

20 

9 

7 

45 
35 

7 
4 

35 
20 

2 
2 

10 
10 

1 
3 

5 
15 

15 
25 

Intermediate 
Intermediate 

Release 
Control 

0 

0 

0 
0 

2 
1 

10 

5 

7 
3 

35 
15 

7 
10 

35 
50 

4 
6 

20 
30 

55 
80 

BLACK  CHERRY 

- 

Dominant 
Dominant 

Release 
Control 

12 

12 

60 
60 

7 
5 

35 

25 

0 
3 

0 
15 

1 
0 

5 
0 

0 
0 

0 
0 

5 
0 

Codominant 
Codominant 

Release 
Control 

2 

1 

10 
5 

2 
4 

10 
20 

10 
10 

50 
50 

5 
5 

25 
25 

1 
0 

5 
0 

30 
25 

Intermediate 
Intermediate 

Release 
Control 

0 
0 

0 
0 

3 
1 

15 
5 

6 
1 

30 
5 

10 
15 

50 

75 

1 

3 

5 
15 

55 
90 

The  5-year  after-release  crown-class  distri- 
bution has  several  important  implications: 

1.  The  lack  of  consistency  from  the  7-  to  12- 
year  measurement  in  crown  classification 
of  the  dominant  and  codominant  controls 
indicates  that  at  7  years  of  age  crown  posi- 
tion was  neither  well  defined  nor  stabi- 
lized. 

2.  The  rapid  overtopping  of  released  interme- 
diates, and  to  a  lesser  extent  codominants, 
indicates  strongly  that  many  released  trees 
were  too  short  (too  young)  to  stay  ahead 
of  the  rapid  regrowth  of  sprouts  from 
stems  cut  in  the  release  operation.  We 
measured  a  number  of  such  sprouts  that 
had  grown  over  20  feet  in  5  years. 

3.  Because  the  effects  of  release  in  improving 
crown  position  were  small  and  were  limited 
largely  to  the  originally  intermediate  stems 
(which  are  mostly  on  their  way  out  of  the 
stand),  indications  are  that  from  now  on 
the  released  trees  will  show  little  or  no 
growth  or  survival  advantages. 

The  results  of  this  study  are  somewhat  dif- 
ferent from  the  results  of  a  study  made  on  the 
Pisgah  National  Forest  in  North  Carolina  in 
1924.  That  cleaning,  made  in  an  8-year-old 
stand,  resulted  in  an  improvement  in  species 
composition  of  the  upper  canopy  level  that  has 
persisted  for  26  years  (Wahlenberg  1950). 
Presumably  many  of  the  stems  released  in 
cleaning  were  tall  enough  to  stay  ahead  of 
sprout  regrowth,  or  perhaps  there  were  other 
now  unassessable  differences  between  the  two 
studies  that  render  invalid  comparisons  of  re- 
sults. 


Effect  on  Mortality 

Five  years  after  the  study  was  begun  (when 
the  stand  was  12  years  old),  the  intermediate 
control  stems  (7-year  designation)  were 
dying;  30  percent  of  the  yellow-poplar  and  15 
percent  of  the  black  cherry  had  already  suc- 
cumbed (table  4),  and  many  trees  of  both  spe- 
cies were  barely  alive.  The  release  stems  of 
this  crown  class  were  dying  also  but  at  a 
slower  rate. 

Of  the  stems  originally  designated  codomi- 


nant, three  control  trees  and  two  released 
trees  were  dead. 

All  the  originally  dominant  stems  of  both 
species  were  still  alive. 

Nineteen  stems  out  of  a  total  240  had  died 
by  the  time  the  stand  was  12  years  old-7  re- 
lease stems  and  12  control  stems.  Seventeen  of 
these  appeared  to  have  succumbed  to  competi- 
tion of  other  woody  stems;  two  appeared  to 
have  been  killed  by  grapevines. 

Mortality  had  been  somewhat  higher  among 
yellow-poplar  stems  than  among  black  cherry. 

Effect  on  Grapevines 

Grapevines  do  serious  damage  in  hardwood 
stands  on  good  and  excellent  sites  in  the  Ap- 
palachians. This  is  particularly  true  in  young 
even-aged  stands  where  the  intolerant  vines 
sprout  profusely  after  the  old  stand  is  har- 
vested. Sprouts  from  cut-off  vines  grow  f)  to  15 
feet  in  length  the  first  growing  season  after  a 
clearcutting.  Mounting  in  the  crowns  of  young 
trees,  these  vines  break  ofP  limbs  and  tops, 
twist  and  bend  over  the  main  stem,  augment 
ice  and  snow  damage,  and  submerge  the  tree 
foliage  in  large  grape  leaves  and  thus  interfere 
with  photosynthesis. 

The  presence  of  grapevines  in  sample  trees 
was  recorded  5  years  after  treatment.  Three 
categories  of  grapevine  occurrence  were  re- 
corded: no  grapevine  present,  grapevine  pres- 
ent, and  grapevine  damage  severe  (this  was  a 
subjective  appraisal).  Unfortunately,  although 
grapevines  were  cut  out  of  release  trees  in  the 
7-year-old  stand,  their  presence  was  not  re- 
corded at  the  time  for  either  the  release  or  the 
control  stems. 

Five  years  after  the  release  operation,  about 
two-thirds  of  the  .sample  trees  had  graj)evines 
in  their  crowns  (table  5).  The  situation  was 
the  same  for  both  release  and  control  stems, 
indicating  that  in  most  cases  the  vines  had  re- 
grown  into  the  release  trees  after  their  elimi- 
nation 5  years  previously.  Severe  grapevine 
damage  was  recorded  for  about  ^4  of  all  sam- 
ple trees,  with  a  slightly  higher  incidence  for 
the  control  stems-from  which  the  grapevines 
had  not  been  temporarily  removed. 

With  such  a  high  incidence  of  severe  grape- 
vine damage,  it  would  seem  that  both  height 
and  diameter  growth  would  be  affected;  and 


Table  5. — Stems  with  grapevines 


Crown  class 

Stems 

before 

with 

Stems  with 

release 

grape- 

severe  grape- 

in 1966       Treatment 

vmes 

vine  damage 

No. 

Pet. 

No. 

Pet. 

YELLOW-POPLAR 

Dominant 
Dominant 

Release 
Control 

15 
16 

75 
80 

5 
6 

25 
30 

Codominant 
Codominant 

Release 
Control 

14 
14 

74 
82 

4 
5 

21 
29 

Intermediate 
Intermediate 

Release 
Control 

8 

7 

50 
50 

2 

7 

12 
50 

BLACK  CHERRY 

Dominant 
Dominant 

Release 
Control 

11 
11 

55 
55 

4 
3 

20 
15 

Codominant 
Codominant 

Release 
Control 

18 
17 

95 

85 

6 

8 

32 
40 

Intermediate 
Intermediate 

Release 
Control 

11 
4 

58 
24 

3 
0 

16 
0 

Average: 
All  live 

stems 

146 

66 

53 

24 

Release  stems 

77 

68 

24 

21 

Control 

stems 

69 

64 

29 

27 

an  attempt  was  made  to  determine  if  this 
were  in  fact  the  case.  For  each  class  of  trees- 
species  crown-class  treatment  group — 5-year 
height  growth  and  d.b.h.  data  were  compiled 
separately  for  trees  with  and  without  severe 
grapevine  damage.  There  were  11  such  groups 
of  trees  (there  would  have  been  12,  but  one 
class  had  no  stems  with  severe  grapevine  dam- 
age so  no  comparison  was  possible).  Eight  of 
the  11  groups  had  greater  growth  rates— both 
height  and  d.b.h.— for  the  stems  without  severe 
grapevine  damage  (table  6),  indicating  that 
this  damage  adversely  affects  growth. 

In  view  of  the  high  incidence  of  grapevines 
in  crop  trees— 66  percent— we  can  probably  an- 
ticipate that  a  greater  proportion  of  crop  trees 
will  suffer  severe  damage  in  this  stand  in  the 
future. 


CONCLUSIONS 
AND  DISCUSSION 

The  analyses  made  of  the  biological  re- 
sponse of  crop  trees  to  release  fulfills  the  pri- 
mary objective  of  this  research:  to  determine 
whether  a  long-lasting  stand  improvement  will 
result  from  a  crop-tree  release  made  in  a 
young  hardwood  stand  as  soon  as  the  canopy 
closes  and  crown  classes  can  be  distinguished. 

Based  on  the  5-year  study  period,  indica- 
tions are  that,  for  yellow-poplar  and  black 
cherry  on  sites  like  the  study  site,  release  at  7 
years  is  too  early  to  permanently  improve  the 
crown  position  of  most  of  the  released  trees. 
Because  we  cannot  effect  a  lasting  improve- 
ment in  crown  position,  we  cannot  expect  to 
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improve  species  composition  or  to  effect  much 
of  a  growth  increase. 

To  produce  permanent  improvement  in 
stands  this  young  would  require  that  the  re- 
lease operations  be  repeated  in  a  few  years, 
and  this  would  be  costly.  A  better  alternative 
would  be  to  postpone  the  operation  until  such 
a  time  as  the  crown  classes  are  more  stable 
and  the  potential  for  damage  from  regrowth  of 
cut  grapevines  and  from  sprouts  of  tree  stems 
cut  in  the  release  operation  has  substantially 
diminished. 

In  a  previous  report  about  the  cost  and 
methodology  phases  of  this  study  (Trimble 
1971),    a    recommendation    was    made    that 


crop-tree  release  be  postponed  until  the  stand 
was  9  to  12  years  old.  If  we  wait  until  then, 
the  potential  release  trees  will  be  taller;  and 
the  results  of  previous  research  show  that 
thinning  in  stands  of  this  size  brings  about 
stand  improvement  that  persists  (Stoeckler 
and  Arbogast  1947,  Conouer  and  Ralston 
1959,  Drinkwater  1960,  and  Della-Bianca 
1969). 

At  this  stage,  we  recommend  that,  if  a 
crop-tree  release  is  made,  it  be  postponed  until 
crop  trees  are  at  least  15  feet  tall;  and  in 
stands  with  a  high  incidence  of  grapevines,  it 
would  be  wise  to  wait  until  the  trees  are  25 
feet  tall. 
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A  PROBABILITY  APPROACH 

TO  SAWTIMBER  TREE-VALUE 

PROJECTIONS 


ABSTRACT 

The  authors  present  a  method  for  projecting  hardwood  sawtimber 
tree  values,  using  tree-development  probabilities  based  on  continuous 
forest  inventory  (  CFI )  data  and  describe  some  ways  to  use  the  result- 
ing value  projections  to  assemble  management-planning  information. 


^IMBER  VALUATION  is  an  important 
part  of  a  forestry  business.  A  timber  owner 
who  knows  what  his  trees  are  worth  right  now 
and  has  a  pretty  good  idea  of  what  they  could 
be  worth  at  the  end  of  some  time  period  can 
plan  his  forest  management  during  that  period 
to  best  meet  his  financial  objectives. 

Assigning  current  values  to  trees  or  stands 
is  usually  relatively  easy.  Projecting  tree 
values  is  a  lot  harder,  especially  for  hardwood 
sawtimber,  because  each  sawtimber  tree's 
value  is  related  to  its  size  and  quality.  And 
the  tree's  projected  value  depends  on  how  it 
changes  in  both  size  and  quality. 

For  any  given  tree,  a  wide  range  of  possi- 
bilities exists,  in  both  size  and  quality  change 
and  resultant  tree  value.  Probability  projec- 
tion will  allow  us  to  cover  the  entire  range  of 


possible  tree  changes  that  might  be  expected, 
rather  than  just  the  average  changes.  And 
it  will  allow  us  to  estimate  the  likelihood  of 
attaining  projected  values. 

We  describe  here  a  method  for  projecting 
sawtimber  tree  values,  using  tree-development 
probabilities  based  on  continuous  forest  in- 
ventory (CFI)  data  for  a  specific  forest.  We 
also  describe  some  ways  to  use  the  resulting 
value  projections  to  assemble  management- 
planning  information  for  a  forest.  Our  aim  is 
to  project  future  values  for  existing  sawtim- 
ber trees,  and  not  to  project  stand  tables  or 
yield  tables.  Thus  we  will  simplify  the  descrip- 
tion of  our  method  by  dismissing  ingrowth 
and  mortality. 

Neither  the  projections  nor  their  applica- 
tions are  intended  to  be  general  guides.  Our 


purpose  is  to  give  forest  owners  a  method  that 
they  can  use  to  develop  comparable  manage- 
ment information  for  their  own  tracts. 

PROBABILITY  PRINCIPLES 

We  can  observe  an  occurrence  a  large  num- 
ber of  times  and  find  the  relative  frequency 
with  which  the  various  outcomes  occur.  For 
example,  suppose  we  measured  the  diameters 
of  200  16-inch  black  oak  trees  on  a  series  of 
randomly  selected  sample  plots,  then  remeas- 
ured  the  same  trees  5  years  later.  Suppose, 
further,  that  we  found  that  120  trees  grew 
0.5  inch  during  the  5-year  period,  60  trees 
grew  0.8  inch,  and  20  grew  1.0  inch.  The  rela- 
tive frequencies  of  the  various  growth  levels 
would  be: 


Diameter 
change 
( inch) 

Frequency 
(number 
of  trees) 

Relative  frequency 
of  occurrence 

0.5 

120 

120/200  =   .60 

.8 

60 

60/200   =   .30 

1.0 

20 

20/200   =    .10 

200 


1.00 


We  could  use  these  relative  frequencies  to 
estimate  growth  probabilities  for  the  rest  of 
the  16-inch  black  oaks  in  our  forest. 

We  could  use  the  same  approach  to  esti- 
mate the  probabilities  for  changes  in  mer- 
chantable height  and  tree  quality.  Then,  by 
combining  the  probabilities  for  all  three  vari- 
ables, we  could  estimate  the  probabilities  of 
trees  developing  in  a  combination  of  ways. 

OBSERVED  PROBABILITIES 

The  data  used  in  this  study  were  obtained 
from  more  than  400  randomly  selected  plots, 
maintained  by  the  Muskingum  Watershed 
Conservancy  District  in  Ohio.  The  plots  were 
established  in  1955  and  remeasured  twice — 
in  1960  and  in  1965.  The  data  used  came 
from  the  1955  and  1965  remeasurements.  We 
chose  the  10-year  period  because  10  years  is 
commonly  used  in  management  planning.  It 
allows  for  annual  fluctuations  in  precipitation 
and  length  of  growing  season.  Thus  the 
changes  in  diameter,  merchantable  height, 
and  tree  quality  are  based  on  10  years  of  tree 
development. 


Diameter  Changes 

Diameters  breast  high  (d.b.h.)  had  been 
measured  to  the  nearest  1/10  inch  with  a 
diameter  tape.  The  actual  diameter  changes 
were  found  by  subtracting  a  tree's  1955  diam- 
eter from  its  1965  diameter.  But,  for  simpli- 
city in  illustrating  our  method,  we  combined 
the  diameter  changes  into  1-inch  classes. 

Finding  a  lot  of  variation  in  growth  rates 
from  one  species  to  another,  we  grouped  the 
species  into  fast,  medium,  and  slow  growers. 
The  fast  growers  included  yellow-poplar,  red 
oak,  black  oak,  and  soft  maple.  Medium  grow- 
ers included  white  ash,  hard  maple,  and 
American  elm.  Slow  growers  included  white 
oak,  beech,  black  cherry,  and  hickory. 

We  then  sorted  the  trees  in  each  group  into 
2 -inch  diameter  classes  and,  in  each  diameter 
class,  found  the  percentage  of  trees  changing 
by  1-inch  growth  classes.  These  percentages, 
or  relative  frequencies,  indicate  the  probabili- 
ties of  attaining  given  levels  of  10-year  diam- 
eter growth  (table  1).  For  example,  we  can 
expect  46  percent  of  the  14 -inch  fast  growers 
on  the  forest  to  grow  2  inches  in  10  years. 

We   ignored    the   possible   implications   of 


Table  1. — Probabilities  of  frees  atfaining  given  levels 
of  diameter  growth,  by  diameter  class 

[In  percent] 


Diam- 
eter   ^ 

dumber 
of 

10-year  diameter  growth  in  inches: 

class 

(inches) 

trees 

<1 

1 

2 

3             3  + 

FAST  GROWING  TREES 

Yellow-poplar 

,  red  < 

Dak.  black 

oak.  and 

soft  maple 

12 

42 

5 

31 

35 

22             7 

14 

26 

4 

27 

46, 

12           11 

16 

22 

4 

19 

27 

32           18 

18 

14 

— 

7 

57 

36           — 

20  + 

30 

7 

10 

57 

23             3 

MEDIUM 

GROWING  TREES 

White  ash. 

hard  maple,  and  American  elm 

12 

38 

3 

34 

42 

16             5 

14 

22 

9 

36 

37 

13             5 

16 

17 

12 

35 

29 

18             6 

18 

5 

— 

80 

20 

—           — 

20-1- 

6 

— 

— 

66 

17           17 

SLOW  GROWING  TREES 

White  oak. 

beech 

,  black  cherry,  and  hickory 

12 

92 

17 

42 

34 

7           — 

14 

54 

15 

40 

30 

13             2 

16 

47 

6 

43 

45 

6           — 

18 

12 

17 

25 

50 

8           — 

20  + 

26 

4 

38 

43 

15           — 

stocking  level  or  stand  density  on  individual 
tree  diameter  growth.  For  simplicity,  we  have 
assumed  constant  stand  competition.  How- 
ever, the  effect  of  changing  stand  density 
should  be  considered  in  practical  applications. 

Merchantable-Height  Changes 

In  each  of  the  CFI  tallies  every  sawtimber 
tree  was  assigned  a  merchantable  height  for 
sawlogs.  These  were  estimated  to  the  nearest 
2  feet,  and  the  estimates  were  spot-checked 
with  a  clinometer. 

(A  sawlog  is  a  log  that  is  at  least  8  feet 
long,  has  a  minimum  top  diameter  of  8  inches 
inside  bark,  and  meets  minimum  timber-grad- 
ing specifications  for  hardwood  factory-lumber 
logs  or  construction  logs,  as  defined  in  USDA 
Forest  Products  Laboratory  studies.) 

We  found  the  10-year  height  change  for 
each  tree.  But,  because  the  height  changes 
were  not  significantly  different  from  one  spe- 
cies to  another,  we  did  not  stratify  the  trees 
into  species  groups.  Instead,  we  sorted  all  the 
trees  into  four  height-change  classes:  those 
that  did  not  change  in  height;  those  that 
increased  less  than  a  half  log;  those  that  in- 
creased at  least  a  half  log  but  less  than  one 
16-foot  log;  and  those  that  increased  by  one 
or  more  16-foot  logs. 

The  relative  frequencies  of  height  changes 
(table  2)  show  that  more  than  half  of  the 
trees  failed  to  increase  in  height  at  all  and 
that  we  can  expect  less  than  10  percent  of 


them  to  add  a  log  or  more  in  10  years  (less 
than  1  percent  increased  a  log  and  half). 

Tree-Quality  Changes 

Five  quality  classes  were  tallied  for  saw- 
timber  trees  on  the  plots:  log  grades  1,  2, 
and  3,  tie  and  structural  grade,  and  cull. 
These  classes  were  based  primarily  on  stand- 
ards developed  by  the  USDA  Forest  Service 
{Ostrander  1965).  They  were  assigned  ac- 
cording to  butt-log  quality.  Trees  less  than 
50  percent  sound  were  classed  as  cull. 

We  used  a  slightly  different  method  for 
estimating  probabilities  of  changes  in  tree 
quality.  First  we  sorted  the  trees  in  each 
diameter  class  into  initial  (1955)  quality 
classes.  Next  we  sorted  the  trees  in  each  ini- 
tial quality  class  into  ending  (1965)  quality 
classes.  Then  we  found  the  proportion  of  the 
initial  class  that  the  trees  in  each  ending  class 
represented  (table  3). 


Table  3. — Calculafing  the  probabilify  of  qualify 
changes  in  14-inch  grade-3  trees 


Tree-quality  class 


Initial        Ending 


Number  of 
trees 


Percent 


Grade  3 


Cull 

1 

3 

Tie  &  structural 

(T&S) 

1 

3 

Grade  3 

25 

65 

Grade  2 

8 

21 

Grade  1 

3 

8 

Total 


38 


100 


Table  2. — Probabilities  of  changes  in  sawlog  height, 
by  diameter  class 

[In  percent] 


Diameter  Number 

class            of 
(inches)        trees 

10- 

year  change  in  sawlog 
height  (16-ft.  logs) 

No 
change 

Less 
than 

1/2  log 

1/2  log 

to 
Hog 

Hog 

or 
more 

12 

172 

52 

27 

17 

4 

14 

102 

66 

12 

17 

5 

16 

86 

57 

19 

17 

7 

18 

31 

70 

18 

9 

3 

20-1- 

62 

66 

20 

11 

3 

Probability  trees  provide  a  convenient  way 
to  display  tree-quality  changes  (fig.  1  and 
fig.  2).  These  show,  for  each  diameter  class, 
the  number  of  trees  by  initial  quality  class, 
and  the  percentage  of  those  trees  in  each 
ending  quality  class. 

As  we  expected,  few  trees  improved  in 
quality  during  the  10-year  period.  Quality 
improvement  is  a  relatively  slow  process.  On 
the  other  hand,  we  did  find  some  trees  that 
dropped  in  quahty  class,  because  of  weather 
damage  or  increased  defect.  Such  changes, 
though  infrequent,  usually  occur  quickly. 


Figure  1. — A  sample  probability  tree,  for 
quality   changes   in    14-inch    grade-3   trees. 

The  large  figure  at  the  left  shows  nunnber 
of  trees.  The  figures  on  the  arrows  show  the 
percentage  of  trees  moving  into  the  final 
quality  classes. 

Probability  trees  for  all  five  grades  and 
diameter   classes    are    shown    in    Figure    2. 


DIAMETER 
CLASS 


INITIAL  QUALITY  CLASS 


CULL    (C)      :  TIE  &STRUCTURAL(T&S)  .  GRADES  (G3)  :       GRADE  2  (G2)    :       GRADE  1  (G1) 


12 


'      T&S 


T&S 


14 


T&S 


G1 


G1 


t       T&S 


8 

G2 

2/ 

38 

/     es 

^ 

\3 

1   X 

T&S 

G3 


13' 

G2 

32 

<"    ' 
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\ 

T&S 

G3 


-  G3 


T&S 


16 


T&S 


G1 


42 

G2 

19 

{     ' 

\ 

\ 

T&S 
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T&S 


18 


T&S 


T&S 


T&S 


T&S 


T&S 


20+ 


T&S 


T&S 
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Figure   2. — Probabilities   of    10-year   quality   changes,    for   five 
diameter   classes    and    five    quality    classes. 


COMBINED  PROBABILITIES 

We  can  combine  the  probabilities  of 
changes  in  diameter,  merchantable  height, 
and  tree  quality  by  multiplying  them.  In 
doing  so  we  would  be  treating  the  changes 
as  independent  occurrences.  (Chi-square  tests 
failed  to  demonstrate  any  real  association  be- 
tween diameter  growth  and  merchantable 
height  growth,  except  for  12-inch  trees.  Simi- 
lar tests  failed  to  demonstrate  any  real  as- 
sociation between  diameter  growth  and  tree 
quality  changes,  regardless  of  tree  size.) 
These  combined  probabilities  indicate  the 
likelihood  with  which  a  given  tree  can  develop 
in  a  combination  of  ways. 

Take  an  18-inch  2-log  red  oak  with  a  butt- 
log  grade  of  2,  for  example.  What  is  the 
probability  of  its  growing  1,  2,  or  3  inches 
in  diameter?  Of  increasing  in  sawlog  height 
by  another  16-foot  log?  Or  of  changing  in 
quality?  With  what  probabihties  can  we  ex- 
pect various  combinations  of  these  changes 
to  occur? 

Table  4  has  been  prepared  to  show  how 
value  projections  can  be  made  for  an  18-inch, 
2-log,  grade-2  red  oak.  Columns  4,  5,  and  6 
show  the  results  of  the  changes — all  the  pos- 
sible combinations  of  resultant  trees.  The 
probabilities  of  these  changes  are  shown  in 
columns  7,  8,  and  9. 


The  combined  probabilities  for  each  set  of 
possible  changes — or  for  the  tree  that  would 
result  from  those  changes — are  shown  in  col- 
umn 10.  The  probabihty  of  each  combination 
is  the  product  of  the  probabilities  of  changes 
in  diameter,  height,  and  quality  that  would 
result  in  that  combination.  For  example,  the 
probability  of  our  18-inch  tree  growing  2 
inches  is  0.57;  the  probability  of  its  mer- 
chantable height  remaining  at  two  logs  is 
0.97;  the  probability  of  its  staying  grade  2  is 
0.67.  Thus  the  combined  probability  of  our 
18-inch,  2-log,  grade-2  tree  becoming  a  20- 
inch,  2-log,  grade-2  tree  is  0.57  x  0.97  x  0.67 
or  0.370. 

We  should  mention  at  this  point  that  our 
method  is  a  transition  matrix  approach  to 
tree-development  estimation.  Many  excellent 
texts  discuss  transition  probability  theory 
(Miller  and  Starr  1960;  Howard  1960).  But, 
again  for  simplicity,  we  chose  to  avoid  direct 
use  of  matrix  manipulations  and  mathemati- 
cal notations. 

However,  we  must  point  out  that  in  theory 
a  matrix  of  transition  probabilities  is  assumed 
to  remain  constant  through  time.  In  reality, 
transition  probabilities  might  not  remain  con- 
stant. They  might  change  as  surrounding 
conditions  in  the  real  world  change  (Burford 
1966).  This  is  likely  to  be  the  case  with  most 
forest   land,   as   the   stands   progress   toward 


Table  4. — Value  projections  for  ar)  18-inch,  2-log,  grade-2  red  oak 


Probability  table 

Evaluation  table 

Probability  of 

Prob- 

Initial tree  variables 

Ending  tree  variables 

attaining  ending 

ability 

Trees 

Initial  value 

Ending  value 

Value 

Rate  of 

tree 

variables 

of 

w/end- 

of  trees 

of  trees 

change 

value 

attaining 

ing 

($) 

($) 

($) 

increase 

per 
tree. 

D.b.h.,     Ht., 

Qual- 

D.b.h., 

Ht., 

Qual- 

D.b.h., 

Ht., 

Qual- 

iables, 

tens  tics. 

Per 

Per 

Per 

in.          ft. 

ity 

m. 

ft. 

ity 

pet. 

pet. 

ity 

pet. 

No. 

tree 

Total 

tree 

Total 

tree 

Total 

pet. 

(1)         (2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

18.0        32 

2 

19.0  .  . 

.     32   . 

.3 

0.07 

0.97 

0.22 

0.015 

6 

2.82 

16.92 

-2.35 

-14.10 

-5.17 

-31.02 

0 

2 

.07 

.97 

.67 

.045 

18 

50.76 

4.21 

75.78 

1.39 

25.02 

4.1 

1 

.07 

.97 

.11 

.007 

3 

8.46 

10.22 

30.66 

7.40 

22.20 

13.7 

48   . 

...3 

.07 

.03 

.22 

.000 

0 

— 

— 

— 

— 

— 

— 

2 

.07 

.03 

.67 

.001 

0 

— 

— 

— 

— 

— 

— 

1 

.07 

.03 

.11 

.000 

0 

— 

— 

— 

— 

— 

■ — 

20.0   .  . 

32 

3 

.57 

.97 

.22 

.122 

49 

138.18 

-1.86 

-91.14 

-4.68 

-229.32 

0 

2 

.57 

.97 

.67 

.370 

148 

417.36 

5.89 

871.72 

3.07 

454.36 

7.6 

1 

.57 

.97 

.11 

.061 

24 

67.68 

13.13 

315.12 

10.31 

247.44 

166 

48    . 

.3 

.57 

.03 

.22 

.004 

2 

5.64 

-3.41 

-6.82 

-6.23 

-12.46 

0 

2 

.57 

.03 

.67 

.012 

5 

14.10 

5.87 

29.35 

3.05 

15.25 

7.6 

1 

.57 

.03 

.11 

.002 

1 

2.82 

14.00 

14.00 

11.18 

11.18 

17.4 

21.0  . 

..   32   . 

..  .   3 

.36 

.97 

.22 

.077 

31 

87.42 

-1.21 

-37.51 

^.03 

-124.93 

0 

2 

.36 

.97 

.67 

.234 

94 

265.08 

7.84 

736.96 

5.02 

471.88 

10.8 

1 

.36 

.97 

.11 

.038 

15 

42.30 

16.41 

246.15 

13.59 

203.85 

19.2 

48   . 

...3 

.36 

.03 

.22 

.002 

1 

2.82 

-2.61 

-2.61 

-5.43 

-5.43 

0 

2 

.36 

.03 

.67 

.007 

3 

8.46 

8.26 

24.78 

5.44 

16.32 

11.3 

1 

.36 

.03 

.11 

.001 

0 

— 

— 

— 

~ 

1,128.00 

2,192.34 

1,064.34 

6.9 

maturity.  So  we  must  caution  that  our 
method  for  projecting  sawtimber  tree  values 
should  not  be  used  for  long-range  projections. 
Rather,  it  should  be  used  for  more  immediate 
planning  periods,  such  as  we  have  done  for  a 
10-year  management  period  in  the  following 
discussion. 

APPLYING 
COMBINED  PROBABILITIES 

Projected  Future  Trees 

From  the  combined  probabilities,  we  can 
estimate  the  likelihood  of  each  of  the  ways 
we  might  expect  our  initial  tree  to  develop. 
We  can  also  use  them  to  project  the  future 
trees  that  would  result  from  changes. 

Say  our  sample  has  an  expansion  factor  of 
400,  and  our  initial  tree  represents  400  simi- 
lar trees  on  the  forest  property.  We  can 
proportion  those  400  trees  according  to  our 
combined  probabilities  and  estimate  the  fu- 
ture number  of  trees  with  each  combination 
of  ending  characteristics  (table  4,  column  11). 
This  gives  us  a  future  tree  distribution  based 
on  expected  changes  in  the  400  trees  repre- 
sented by  our  initial  tree. 

Projected- Value  Tables 

We  can  now  assign  values  to  our  initial  and 
future  trees.  The  tree  values  used  here  repre- 
sent a  tree's  net  worth  when  converted  to 
4/4  inch  lumber,  based  on  average  lumber 
prices  for  1962-67  and  including  conversion 
costs  (Trimble  and  Mendel  1969).  The  origi- 
nal 400  trees  are  valued  at  $2.82  each  (table 
4,  column  12).  But  the  future  tree  values  vary 
considerably,  from  -$3.41  to  $16.41.  The 
average  is  $5.31  (table  4,  column  14).  The 
trees  with  negative  values  are  those  that 
would  cost  more  to  convert  into  lumber  than 
the  lumber  would  be  worth. 

To  compute  initial  and  future  values  for 
our  400  trees,  we  need  only  to  multiply  indi- 
vidual tree  values  (column  12  and  14)  by  the 
future  tree  distribution  (column  11).  The  re- 
sults of  these  computations  (columns  13  and 
15)  show  that  we  can  expect  the  original  trees 
to  nearly  double  in  value  in  10  years. 

The  changes  in  value  (columns  16  and  17) 
are  simply  the  differences  between  future  and 


initial  values.  Note  the  wide  range  in  value 
changes  for  individual  trees.  This  emphasizes 
the  variation  in  tree  earning  power  and  re- 
flects the  many  different  returns  that  are 
possible  from  trees  developing  in  different 
ways.  The  total  value  change  (column  17) 
indicates  the  overall  accrual  in  net  value  that 
we  can  expect  from  the  18-inch,  2-log,  grade-2 
red  oaks  on  our  forest  property. 

The  rate-of-value-increase  figures  (column 
18)  were  computed  by  solving  for  p  in  the 
compound-interest  formula 

V„  =  V„  (1  +  p)" 

where  V„  =  future  tree  value,  V„  =  initial  tree 
value,  and  n  =  10  years.  Here,  too,  we  find 
a  big  spread  resulting  from  the  various  tree- 
development  possibilities. 

MANAGEMENT  PLANNING 
INFORMATION 

Up  to  this  point  we  have  generated  a  good 
deal  of  biological  and  economic  data — but  all 
for  one  tree.  The  thought  of  repeating  the 
operation  for  the  rest  of  the  trees  in  your  for- 
est may  seem  appalling.  With  the  widespread 
availability  of  computer  services,  it  need  not 
be.  Even  hand  computations,  such  as  we  have 
made,  are  really  not  that  laborious  when  con- 
sidered in  terms  of  the  management-planning 
information  they  can  be  used  to  develop. 

Our  18-inch  example  tree  can  be  used  to 
point  out  some  types  of  planning  information 
that  we  can  derive  after  projecting  values  for 
our  entire  stand.  First,  we  would  know  the 
present  value  of  our  trees  and  have  a  pretty 
good  idea  of  their  future  value.  In  this  case 
we  could  expect  our  grade-2,  18-inch  red  oaks 
to  nearly  double  in  value.  In  doing  so  they 
would  be  increasing  in  value  at  an  annual  rate 
of  6.9  percent. 

After  generating  comparable  data  for  the 
rest  of  our  forest  we  could  aggregate  them  to 
find  the  present  and  future  timber  value,  the 
expected  change  in  timber  value,  and  the  rate 
of  that  change  for  the  entire  forest.  Informa- 
tion of  this  sort  would  give  the  forest  owner 
a  set  of  value  measures  that  he  could  use  to 
compare  his  forest's  development  against  his 
short-term  financial  objectives.  Such  informa- 


tion  also  would  provide  him  with  sideboards 
for  deciding  on  the  levels  of  management  he 
should  consider.  It  also  would  give  him  a 
yardstick  for  comparing  the  benefits  from  the 
various  management  alternatives  he  might  be 
considering. 

We  could  also  aggregate  the  tree-value 
measures  by  species  or  species  groups.  We 
could  then  compare  the  economic  perform- 
ance of  one  species  against  another.  Or  we 
could  compare  species  performance  against 
the  owner's  economic  objectives.  Such  com- 
parisons could  serve  as  a  basis  for  earmarking 


desirable  or  undesirable  species  and  could  be 
worked  into  silvicultural  guides. 

We  could  also  use  projected  tree  values  to 
analyze  tree  development.  For  an  example 
look  closer  at  the  value  projections  for  our 
18-inch  red  oak,  and  observe  some  of  its  de- 
velopment patterns. 

Diameter  Growth 

Most  of  our  value  is  in  trees  that  we  expect 
will  grow  2  inches,  but  most  of  our  value  in- 
crease will  be  in  those  trees  that  grow  3  inches 
in  diameter: 


Diameter 
change 
(inches) 

Trees 
(no.) 

Initial 
value 

Future 
value 

Value 
change 

Rate  of 
Average      value 
value     increase 
change  (percent) 

1 

27 

$76.14 

$92.34 

$16.20 

$0.60            1.9 

2 

229 

645.78 

1,132.23 

486.45 

2.12           5.8 

3 

144 

406.08 

967.77 

561.69 

3.90           9.1 

The  average  value  increase  for  a  tree  that 
grows  3  inches  is  nearly  double  the  increase 
of  one  that  grows  only  2  inches.  The  differ- 
ences in  the  rates  of  value  increase  are  equally 
striking.  We  see,  too,  that  our  1-inch  growers 
are  not  adding  much  to  our  forest  business. 
But  fortunately  we  have  few  of  them. 

Application  of  this  information  depends,  of 
course,  on  the  forest  owner's  economic  objec- 
tives. Given  those  objectives,  we  could  use 
our  value  projections  to  develop  management 
policies  based  on  diameter  growth  expecta- 
tions. These,  in  turn,  could  be  related  to 
tree-vigor  classifications  that  reflect  a  tree's 
diameter  growth  potential  and  could  be  incor- 
porated into  general  cutting  guides. 

If,  for  example,  the  forest  owner  wanted  to 
build  up  his  capital  in  growing  timber,  he 
would  generally  favor  the  2-  and  3-inch  grow- 
ers and  eliminate  the  1-inch  growers,  giving 
more  growing  space  to  his  faster  growing, 
faster  earning  trees.  The  same  policy  would 
also  satisfy  an  objective  of  eliminating  those 
trees  whose  rate  of  value  increase  averages 
less   than    2    percent.    But   only   the   fastest 


growing  18-inch  red  oaks  will,  on  the  average, 
meet  an  objective  of  earning  at  the  rate  of 
8  percent  or  higher. 

Basing  value  projections  on  tree-develop- 
ment probabilities  tells  us  more  than  which 
kinds  of  trees  we  can  expect  to  meet  or  fail 
to  meet  various  economic  criteria.  It  tells  us 
how  many.  This  added  information  is  often 
useful  in  scheduling  cutting  budgets  for  a 
forest  holding. 

Thus  the  forest  owner  might  well  be  satis- 
fied with  incorporating  diameter  growth  ex- 
pectations into  a  general  cutting-guide  policy. 
However,  he  might  want  to  build  an  exception 
or  two  into  his  general  rule.  After  all,  some  of 
the  slow  growers  may  meet  his  financial  ex- 
pectations while  some  of  the  fast  growers  may 
not.  We  can  look  for  possible  exceptions  in 
the  height-change  and  quality-change  pat- 
terns of  our  18-inch  red  oak. 

Height  Change 

No  luck  here.  Comparing  trees  that  do  not 
change  in  height  with  those  that  do,  we  see 
little  difference  in  value  increment: 


Height 
change 
(feet) 

Trees 
(no.) 

Initial 
value 

Future 
value 

Value 
change 

Average 

value 

change 

Rate  of 
value 

increase 
(per- 
cent) 

0 

388 

$1,094.16 

$2,133.64 

$1,039.48 

$2.68 

6.9 

16 

12 

33.84 

58.70 

24.86 

2.07 

5.7 

Quality  and  time  play  an  important  part. 
Upper-stem  logs  that  are  added  by  grade-2 
trees  are  usually  poor-quality  logs.  Their  con- 
version costs  often  exceed  their  4/4  lumber 
value.  They  take  time  to  develop  quality  and 
become  more  valuable.  So,  as  long  as  the 
owner  is  interested  in  value  changes  over  only 
a  10-year  period,  he  might  well  instruct  his 
timber-markers  to  avoid  concerning  them- 
selves with  upper-stem  development  possibili- 


ties. There  is  not  much  chance  of  an  18-inch 
red  oak  adding  another  log,  anyhow. 

Tree-Quality  Changes 

But,  on  the  other  hand,  he  should  instruct 
his  markers  to  always  consider  the  possibility 
of  quality  changes.  For,  comparing  quality 
measures,  we  see  some  marked  and  important 
differences : 


Rate  of 

value 

Change  in 

butt-log 

grade 

Trees 
(no.) 

initial 
value 

Future 
value 

Value 
change 

Average 

value 

change 

increase 
(per- 
cent) 

From  2  to  3 

89 

$250.98 

$-152.18 

$-403.16 

$-4.53 

(*) 

No   change 

268 

755.76 

1,738.59 

982.83 

3.67 

8.7 

From  2  to  1 

43 

121.26 

605.93 

484.67 

11.27 

17.4 

'Negative  value. 

Note  the  trees  that  improve  in  grade.  They 
add,  on  the  average,  more  than  three  times 
the  value  that  unchanging  trees  add.  Their 
rate  of  value  increase  is  twice  that  of  trees 
that  do  not  improve  in  grade.  These  are  the 
trees  that  are  most  likely  to  meet  or  exceed 
the  owner's  financial  objectives.  They  include 
trees  that  might  grow  in  diameter  as  little  as 
1  inch  in  10  years.  And  the  forest  owner  can 
anticipate  1  out  of  11  18-inch,  grade-2  red 
oaks  to  improve  to  grade  1  in  10  years. 

The  question  is,  which  one?  Though  there 
is  no  sure  answer,  a  woods-wise  forester  can 
often  make  a  confident  estimate  based  on  an 
individual  tree's  unique  external  appearance. 
The  difference  in  value  increment  may  well 
be  worth  the  cost  involved  with  making  the 
estimate. 

Even  the  trees  that  remain  grade  2  can  be 
expected  to  increase  in  value  at  a  respectable 
rate — 8.7  percent  on  the  average.  The  forest 
owner  might  happily  note  that  he  can  expect 
two-thirds  of  his  18-inch  grade-2  trees  to  do 
just  that. 

As  for  the  trees  that  drop  in  grade:  such 
changes  can  rarely  be  foreseen.  But  care  can 
be  taken  in  timber-marking  to  avoid  set- 
ting up  conditions  that  might  prompt  such 
changes:  opening  up  a  stand  too  much,  allow- 
ing improper  spacing,   or  leaving  a   quahty 


tree  in  a  large  opening.  Feathering — epicormic 
budding  or  branching — which  often  occurs 
under  such  conditions,  can  cause  degrade. 
Being  aware  of  the  drastic  losses  in  value  that 
accompany  degrade,  the  forest  owner  is  apt 
to  insist  on  a  policy  of  proper  density  and 
spacing  for  a  given  site. 

The  following  statements  summarize  our 
analysis  of  the  development  patterns  in  the 
18-inch  grade-2  red  oaks  in  our  forest. 

1.  Those  trees  with  the  potential  of  improv- 
ing to  grade  1  are  potentially  big  earners. 

2.  Those  that  we  expect  to  remain  grade  2 
are  likely  to  increase  in  value  at  a  rate 
that  the  forest  owner  deems  adequate. 
Such  trees  make  up  the  bulk  of  his  18-inch 
grade-2  red  oaks.  The  faster  these  grow, 
the  larger  their  value  increment  will  be. 

3.  Those  trees  that  drop  in  grade  will  become 
negative  in  value.  That  is,  it  would  cost 
more  to  convert  them  into  4/4  lumber  than 
the  lumber  would  be  worth. 

4.  Not  many  trees  of  this  size  should  be  ex- 
pected to  increase  in  merchantable  height. 
Those  that  do  usually  have  smaller  value 
changes  than  trees  whose  sawlog  height 
stays  the  same. 
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CONCLUSIONS 

Using  tree-development  probabilities  to  pro- 
ject sawtimber  tree  values  has  certain  advan- 
tages. It  allows  us  to: 

•  Project  tree  quality,  which  is  often  ex- 
pressed in  terms  of  discrete  qualitative 
variables  such  as  butt-log  grade. 

•  Estimate  the  likelihood  with  which  we  can 
expect  a  tree  to  change  in  any  one  or  any 
combination  of  ways. 

•  Make  projections  for  a  full  range  of  tree- 
development  possibilities,  which  does  not 
limit  us  to  average  conditions. 

•  Use  the  resulting  tree  values  and  their 
probabilities  to  develop  management-plan- 
ning information  pertinent  to  the  timber 
owner's  economic  objectives. 
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Abstract 

The  findings  of  a  19  71  census  of  commercial  camping 
enterprises  in  New  Hampshire,  including  the  growth  of 
commercial  camping  enterprises  during  the  period  1960-71, 
the  average  per-site  costs  and  returns  for  operating  a 
campground  in  1970,  and  the  characteristics  of  78  successful 
and  89  unsuccessful  camping  enterprises. 
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THE  GROWTH 
OF  COMMERCIAL  CAMPGROUNDS 

DURING  THE  summers  of  1964  and  1971,  attempts  were  made  to 
conduct  complete  censuses  of  commercial  campgrounds  in 
New  Hampshire.   In  1964,  108  campgrounds  were  located,  and 
their  owners  were  interviewed.   In  the  1971  census  we 
found  189  camping  enterprises  in  business  and  24  under 
construction--an  annual  increase  of  8.3  percent  over  the 
7-year  period. 

Between  these  two  censuses,  44  campgrounds  were  found 
to  have  gone  out  of  business.   An  additional  13  campgrounds, 
known  to  exist  before  the  1964  census,  were  never  located, 
which  suggested  that  at  least  this  many  went  out  of 
business  before  1964. 

The  regional  distribution  of  commercial  campground 
development  activity  revealed  heavy  concentration  of  new 
enterprises  in  the  Lakes  Region  and  White  Mountain  Region 
(table  1).   The  failure  rate  tends  to  be  higher  in  these 
regions  too.   The  average  annual  failure  rate  for 
campgrounds  in  New  Hampshire's  three  northern  tourist 
regions  (Lakes,  White  Mountains,  and  Dartmouth- Lake 
Sunapee)  for  19  6  0-7  0  was  2.6  percent;  while  that  for  the 
three  southern  regions  (Monadnock,  Merrimack  Valley,  and 
Seacoast)  was  1.0  percent  (fig.  1). 
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Figure  l.--The  commercial 
campgrounds  in  New  Hampshire 
in  1960,  by  tourist  regions. 
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SOME  ECONOMICS 
OF  CAMPGROUND  OWNERSHIP 

In  addition  to  identifying  market  entries  into  and 
exits  from  the  campground  business,  the  1971  census  included 
data  on  the  costs  and  returns  of  commercial  campground 
operation  from  18  2  enterprises  that  had  been  in  business  for 
at  least  1  year.   (Comparable  information  from  a  sample  of 
campgrounds  was  collected  simultaneously  in  11  other 
Northeastern  states  as  part  of  Regional  Research  Project 
NEM-42.   When  all  these  data  have  been  analyzed,  we  should 
be  able  to  compare  campground  costs  and  returns  in  New 
Hampshire  with  those  in  other  Northeastern  states.) 

A  few  campground  operators  did  not  have,  or  were 
reluctant  to  divulge,  figures  on  their  costs  and  returns. 
Usable  1970  income  data  were  provided  by  129  out  of  182 
operators;  and  partial  information  on  costs  was  provided 
for  144  campgrounds.   Consequently,  our  cost-and-return 
data  cannot  be  considered  representative  of  the  New 
Hampshire  campground  industry  or  any  of  its  regional  or 
investment-size  groupings;  they  simply  provide  an  interesting 
insight  into  those  enterprises  with  available  data. 
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Die    2. --Average  gross  income  per  campground  site  in  197  0,  and  estimated 
total  income  for  small,  medium,  and  large  campgrounds  in  New 
Hampshire,  197  0— 


Fewer  than         en  nn    -4-  inn 

Item  rrj   -^  50-99  sites      100  or  more 


nber  of  enterprises  96  51  35 

an  size,  number  of  sites  27  67  147 

(iber  of  campgrounds 

providing  income  data  68  38  23 

m  income  per  site  $89.71  $112.00  $152.10 

lual  income  for  an 

iverage  enterprise  $2,422.00  $7,504.00  $22,359.00 

bal  income  of  N.  H. 

campgrounds  (est.)  $232,512.00  $382,704.00  $782,565.00 


-  Site  rental  income  only.   More  than  88  percent  of  all  campgrounds 
iicated  that  site  rentals  provided  90  to  100  percent  of  their  total 
come  in  1970. 
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Table 

3.--Avera 

ge  annual 

expenditures  of 

! 

campgrounds 

for 

operating  costs 

Item 

Campgrounds 
reporting 

Average  cost 
per  site 

Estimated  cost  foi 
average  campgrounc 
(62  sites) 

No. 

Dollars 

Dollars 

Paid  labor 

59 

21.00 

1,302.00 

Utilities 

121 

10.  55 

654.10 

Vehicles 

105 

9.40 

582.80 

Taxes 

117 

14.30 

886.60 

Interest 

61 

19.13 

1,186.06 

Insurance 

126 

5.27 

326.74 

Maintenance 

117 

14.70 

911.40 

Advertising 

144 

5.45 

337.90 

Dues 

68 

1.75 

108.50 

Office  supplies 

111 

1.  38 

85.56 

Depreciation 

64 

29.10 

1,680.20 

Firewood 

42 

2.67 

165.54 

All  costs 

-- 

132.70 

8,227.40 
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The  size  structure  of  the  industry  revealed  a  strong 
imbalance  in  favor  of  smaller  and  less  economic  units 
(table  2).   Most  of  New  Hampshire's  campgrounds  are  small. 
Those  having  fewer  than  5  0  tent  or  trailer  units 
constitute  53  percent  of  the  total  and  reported  an  average 
gross  1970  income  from  site  rentals  of  less  than  $2,500. 
Another  2  8  percent  of  New  Hampshire's  campgrounds  had 
between  50  and  99  campsites--averaging  67  units--and 
reported  an  average  197  0  gross  income  of  less  than  $7,500. 

Campgrounds  having  more  than  9  9  sites  included  19 
percent  of  the  total,  averaging  147  sites,  and  had  an 
average  gross  income  of  nearly  $22,500  from  campsite 
rentals  in  1970. 

A  complete  accounting  of  the  costs  of  operating  a 
campground  was  provided  by  relatively  few  owners.   However, 
enough  data  were  collected  on  major  cost  items  to  produce 
a  partial  picture  of  net  revenues  from  site  rentals 
(table  3). 
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Of  23  small  campgrounds  (fewer  than  50  sites)  that 
provided  complete  records,  10  reported  losses  ranging 
from  $24  to  $147  per  site.   The  mean  net  income  for  the 
group  responding  was  $4.60  per  site  or  $124.20  for  an 
average  small  campground  of  2  7  sites. 

Of  10  medium-size  campgrounds  reporting  costs  and 
income,  3  had  per-site  losses  of  $83  to  $90.   And  the 
average  net  income  for  the  10  campgrounds  was  $15.8  0  per 
site  or  $1,058.6  0  for  an  average  medium-size  campground 
of  67  sites. 

Three  of  the  13  largest  campgrounds  (more  than  99 
sites)  reported  losses  ranging  from  $14  to  $88  per  site. 
The  average  net  income  for  these  13  campgrounds  was 
$47.90  per  site  or  $7,041.30  for  an  average  large 
campground  of  147  sites. 


An  overall  average  of  $9.5  0  net  per  site  from  store 
sales  and  other  sources  of  campground  income  could  be  added 
to  the  above  figures.   However,  not  all  campgrounds  have 
these  additional  incomes;  and  for  those  that  do,  these 
figures  tend  to  exaggerate  the  relationships  between 
campground  size  and  net  income.   For  example,  only  2  9 
percent  of  the  small  campgrounds  had  sources  of  campground 
income  other  than  site  rentals.   At  medium-size  campgrounds 
and  large  campgrounds  those  having  store  income  were  4  9 
and  54  percent  respectively. 

The  average  operating  expenses  (table  3)  provided  a 
way  of  estimating  the  operating  costs  for  any  size  of 
campground  by  multiplying  item  costs  by  number  of  sites  in 
the  campground.   Item  costs  and  total  estimated  costs  were 
calculated  for  an  average  campground  (in  197  0)  of  62  sites. 
For  purposes  of  comparison,  the  average  gross  income  per 
site  for  a  campground  of  this  size  was  approximately  $112. 
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A  simple  comparison  of  costs  and  returns  revealed 
that  the  average  campground  will  not  break  even  unless: 
(1)  the  owner  can  avoid  paying  for  labor  and  ignore 
depreciation,  which  is  probably  what  a  great  many  campground 
owners  have  done  in  order  to  stay  in  business;  or  (2)  the 
campsite  rental  income  can  be  supplemented  by  additional 
revenues  that  will  net  at  least  19<J:  for  every  $1  of  campsite 
rentals. 

The  relationship  between  large  campgrounds  and  more 
income  per  site  may  be  in  part  a  function  of  the  regional 
distribution  of  campgrounds.   Campgrounds  of  more  than 
50  sites  were  in  the  minority  in  every  region  except  the 
Seacoast  (table  4). 
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MANAGEMENT  PRACTICES 

A  major  objective  of  the  1971  census  was  to  identify 
and  evaluate  the  marketing  and  pricing  practices  of 
commercial  campgrounds.   This  part  of  the  study  included 
three  broad  classes  of  management  activity:   pricing, 
promotion,  and  facilities  and  services  offered  to  the 
camping  public. 

Pricing  and  Charging  Practices 

The  most  common  daily  rates  charged  at  New  Hampshire 
campgrounds  in  197  0  were: 

Tent  sites;  no  utility  hookups  $3.00 

Campsite  with  electricity  or  water 

connections  $3.50 

Campsite  with  electricity,  water, 

and  sewage  connections  $4.00 

Approximately  one-third  of  all  managers  raised  their 
rates  by  50<;:  for  the  1971  season.   Twenty-one  percent 
planned  to  raise  their  rates  in  1972  and  another  28  percent 
were  considerine;  an  increase  for  the  1972  season. 
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The  comparison  of  average  per-site  fees  did  not  imply 
that  most  campgrounds  charged  on  a  per-site  basis.   In 
fact,  most  had  a  per-family  charge,  although  there  was  no 
uniform  definition  of  a  family,  and  a  few  charged  on  a 
per-person  basis.   In  197  0  the  basic  units  for  charging 
at  182  commercial  campgrounds  in  New  Hampshire  were: 

Basis  Campgrounds 

Per  site  30 

Per  family-- 

of  2  7 

of  3  1 

of  4  35 

of  5  38 

of  unlimited  size               60 

Per  person-- 

over  12  years  old  10 

over  18  years  old  1 
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The  1964  census  did  not  include  comparable  data  on 
methods  of  charging.   However,  most  managers  indicated  that 
the  trend  has  been  away  from  per-site  fees  and  toward  more 
complex  fee  systems.   For  example,  a  campground  may  have 
fee  zones  and  charge  higher  rates  for  sites  near  the 
waterfront.   Size  of  family,  type  of  utility  connections, 
and  length  of  visit  can  all  influence  the  fee.   And  a  few 
campgrounds  have  off-season  rates.   Most  campgrounds  also 
charge  $1  to  $2  for  visitors  to  the  campsite. 

Seasonal  camping  rates  ranged  from  $80  to  $330.   Of 
the  126  campgrounds  that  had  seasonal  rates,  one-half  were 
in  the  $150  to  $200  range.   About  40  percent  of  the 
campgrounds  allowed  campers  to  store  their  equipment  on 
sites  during  the  off-season.   Most  of  these  had  no  extra 
charge  for  this  service ,  and  did  it  as  a  courtesy  for 
their  seasonal  campers. 

A  minority  of  campgrounds  (42  percent)  allowed  large 
groups  to  camp  in  their  areas  and  about  two-thirds  of  these 
offered  special  group  rates.   These  rates  were  usually 
negotiated  individually,  depending  on  the  size  of  the  group 
and  the  time  of  year. 
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A  majority  of  campgrounds  (75  percent)  did  not  allow 
picnicking  or  other  forms  of  day  use  in  the  campground. 
Relatively  few  had  separate  picnic  and  day-use  areas. 

Only  13  campgrounds  were  found  to  accept  credit-card 
payments  for  campsite  rentals. 

Promotional  Practices 

The  average  per-site  expenditure  for  advertising  varied 
with  the  campgrounds'  size  and  location  (table  5).   The  average 
in  the  three  northern  regions  was  more  than  twice  that  of  the 
three  southern  regions.   Variations  by  size  within  region  were 
substantial  but  followed  no  consistent  pattern  from  one  region 
to  another.   The  differences  in  mean  advertising  expense  also 
had  no  consistent  relationship  with  age  or  size  of  camping 
enterprise  (table  6). 
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Table  5 .--Average  per-site  expenditures  for  advertising, 

by  region  and  size  of  campground 
[Ratio  of  responding  campgrounds  is  shown  in  parentheses] 


Region 


Small  campgrounds—   Large  campgrounds   All  campgrounds 


White  Mountain 

Dartmouth- 
Lake  Sunapee 

Lakes 

Monadnock 

Merrimack  Valley 

Seacoast 

All  regions 


$9.00  (23/24) 

5.50  (10/12) 

3.70  (21/31) 

3.80  (8/11) 

3.60  (10/13) 

2.80  (4/5) 


$5.90  (10/15) 

4.30  (3/5) 

8.30  (24/30) 

3.30  (7/9) 

2.20  (9/9) 

3.50  (15/18) 


$8.  06 

5.22 
6.15 
3.57 
2.94 
3.35 


$5.49 


$5.39 


$5.45 


—  Small  campgrounds  have  fewer  than  5  0  campsites,  large  campgrounds 
have  5  0  or  more. 


Table  6. --Average  per-site  expenditures  for  advertising 
in  1970,  by  campground  age  and  size 


Years  in  business     Small  campgrounds     Large  campgrounds 


At  least  6 
5  or  less 


$4.60 
6.10 


$6.10 
4.70 
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Most  of  the  reported  expenditure  went  for  two  types 
of  advertising:  (1)  printing  and  distribution  of  brochures; 
and  (2)  advertisements  in  camping  magazines  and  directories. 
Eighteen  campgrounds  bought  advertising  space  in  newspapers. 
Five  campgrounds  advertised  on  local  radio  and  television 
stations.   Fifty-five  campground  owners  had  evaluated  the 
effectiveness  of  specific  advertising  outlets  in  the  past, 
and  42  of  these  felt  that  ads  in  directories  and  camping 
magazines  were  their  best  buy. 

The  number  and  variety  of  promotional  activities 
seemed  to  be  severely  limited.   Two  campgrounds  provided 
a  day's  free  camping--at  the  beginning  of  the  season;  and 
2  8  campgrounds  featured  a  campground  supper  at  some  time 
during  the  season.   Thirty-eight  campgrounds  had  no   printed 
brochures;  and  only  14  campgrounds  distributed  their 
brochures  through  four  or  more  outlets,  such  as  camping 
shows,  equipment  dealers,  tourist  booths,  and  direct  mail. 
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Facilities  and  Services  Provided 

Several  of  the  services  and  some  of  the  facilities 
provided  by  campgrounds  had  distinct  promotional  value. 
For  example,  124  campgrounds  had  an  informal  referral 
arrangement  with  neighboring  campgrounds  on  peak-use  days. 

Nine  of  ten  campgrounds  accepted  reservations ,  and 
90  percent  of  these  would  reserve  a  specific  numbered 
campsite  on  request.   Campsites  reserved  in  advance 
accounted  for  more  than  one-half  of  the  business  at  one 
of  every  two  campgrounds.   Relatively  few  (11)  campgrounds 
had  policies  of  not  accepting  reservations  on  holiday 
weekends.   And  a  minimum  length  of  visit — usually  1  week--was 
required  by  only  two  campgrounds.   The  off-season  storage  of 
recreational  vehicles,  discount  rates  for  groups,  and 
restrictions  on  pets  were  other  examples  of  services  with 
promotional  value . 

An  abundance  of  available  campsites  is  both  a  service 
and  a  facility  for  camping  tourists.   The  182  campgrounds 
in  operation  in  1970  had  a  developed  capacity  of  11,123 
campsites,  not  including  overflow  capacity  and  undeveloped 
campsites.   This  was  an  increase  of  171  percent  over  the 
estimated  4,100  developed  sites  reported  in  the  1964  census. 
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All  but  11  of  the  18  2  campgrounds  had  some  campsites 
with  utility  connections  for  electricity  or  water  and 
sewage.   Seventy  percent  of  the  11,12  3   campsites  had  at 
least  an  electrical  connection.   The  average  campground  of 
62  sites  had  19  tent  sites  (no  hookups)  and  43  sites  with 
some  combination  of  utility  connections.   In  1964,  the 
average  commercial  campground  in  New  Hampshire  had  about 
40  campsites  evenly  split  for  tents  and  trailers.   The 
majority  of  commercial  campgrounds  in  197  0  offered  hot 
showers  (76  percent);  flush  toilets  (89  percent);  dumping 
stations  for  trailer  holding  tanks  (57  percent);  firewood, 
but  generally  not  free  (75  percent);  fishing  (78  percent); 
and  swimming  beaches  (61  percent). 
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A  minority  offered  organized  activities  and  rentals 
of  recreational  equipment.   Other  facilities  and  services 
offered  included: 

(Percent) 

Playground  7  3 

Camp  store  4  2 

Boat-launching  area  2  8 

Recreation  hall  2  6 

Rental  boats  2  6 

Gas  or  propane  service  2  0 

Washers,  dryers  19 

Dock  space  18 

Juke  box  or  record  player  16 

Marked  nature  trails  13 
Snack  bar  or  restaurant  9 

Swimming  pool  5 

Baby-sitting  5 

Rental  tents  5 

Rental  trailers  3 

Riding  horses  2 
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VOLUME  OF  BUSINESS 

The  average  attendance  at  commercial  campgrounds  in 
New  Hampshire  doubled  between  1963  and  197  0.   The  number 
of  camping  parties  (families)  averaged  8  00  per  campground 
in  197  0.   However,  one-half  of  the  campgrounds  had  fewer 
than  375  parties.   By  comparison,  34  of  71  campgrounds  in 
1963  had  fewer  than  100  camping  parties.   The  average 
occupancy  rates  were  significantly  higher  at  large 
campgrounds  and  at  campgrounds  in  the  Lakes  Region  (table  7) 

The  average  occupancy  (June,  July,  and  August)  for 

all  campgrounds  was  about  5  0  percent.   Weekdays  averaged 

about  4  0  percent  and  weekends  about  6  5  percent.   On  holiday 

weekends  in  1970,  the  average  occupancy  level  was  80  percent 

The  most  common  visit  to  New  Hampshire  campgrounds  was  for 

a  weekend: 

Length  of  visit  Campgrounds 

(No.  ) 

1  day  27 

Weekend  77 

4  to  7  days  24 

Over  1  week  22 

Seasonal  12 
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Table  7. --Average  197  0  summer  occupancy  of  New  Hampshire 
campgrounds,  by  regions  and  size  of  campground 
[In  percent  of  occupancy] 

Region  Small  campgrounds     Large  campgrounds 

White  Mountain  47  7  2 

Dartmouth- 
Lake  Sunapee  35  55 

Lakes  61  7  0 

Monadnock  3  8  5  5 

Merrimack  Valley  45  7  0 

Seacoast  25  80 
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This  distribution  tends  to  de-emphasize  the  importance 
of  long  visits.   Almost  all  campgrounds  rented  some  sites 
to  season-long  campers  and  16  percent  rented  at  least 
one-half  of  their  campsites  to  campers  who  stayed  for  the 
full  season.   Full-season  rentals  are  most  common  in  the 
Lakes  Region  and  Seacoast  Region,  accounting  for  more  than 
1/8  of  the  business  in  these  regions.   In  1970,  managers 
reported  that,  on  the  average,  about  60  percent  of  their 
visitors  were  repeat  customers.   Most  managers  reported 
that  this  percentage  of  repeat  business  has  remained  fairly 
constant  since  1968. 

Throughout  the  State,  commercial  campgrounds  were 
located,  on  the  average,  only  about  14  miles  from  a  federal, 
state,  or  county-operated  campground.   Most  campground 
owners  (60  percent)  felt  that  the  public  campgrounds  had  no 
effect  on  their  business.   Smaller  campgrounds  and  those 
situated  in  regions  having  large  public  campground  developments 
were  more  likely  to  report  that  public  developments  hurt 
their  business  (table  8). 
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Table  8. --Percent  of  commercial  campgrounds  reporting  a 
business  reduction  due  to  their  location  near 
public  campgrounds,  by  size  of  enterprise  and 
region 

Region  Small  campgrounds     Large  campgrounds 

White  Mountains  54-  15 

Dartmouth- 
Lake  Sunapee  2  0  10 

Lakes  11  21 

Monadnock  18  0 

Merrimack  Valley  17  25 

Seacoast  0  12 
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CHARACTERISTICS 
OF  SUCCESSFUL  CAMPGROUNDS 

Success  in  any  business  is  equated  with  profitability. 
Profitability  in  the  campground  business  is  difficult  to 
determine  for  a  variety  of  reasons--most  commonly, 
inadequate  cost  records.   Many  campground  owners  have 
other  sources  of  income  and  apparently  feel  that  they  can 
afford  to  put  more  money  into  the  campground  than  they 
can  get  out  of  it  in  the  short  run.   Of  the  182  campgrounds 
surveyed,  only  46  could  supply  complete  records  on  both 
costs  and  returns;  and  16  of  these  showed  a  net  loss  in 
1970.   Consequently,  an  examination  of  enterprise  success 
must  be  based  on  some  arbitrary  definition  of  the  term. 

An  alternative  criterion  of  success  is  whether  or  not 
the  campground  has  the  volume  of  business  it  needs  to  succeed 
The  average  (median)  daily  summer  occupancy  in  1970  for  New 
Hampshire  campgrounds  was  60  percent.   The  average  (mean) 
gross  income  per  site  was  $107  (excluding  store  sales). 
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Campgrounds  that  exceeded  the  average  in  either  or 
both  of  these  measures  could  logically  be  considered  to 
have  the  potential  for  success.   And  campgrounds  with 
below-average  attendance  but  higher-than-average  gross 
income  per  site  should  also  be  considered  successful 
because  their  pricing  practices  may  be  more  realistic  than 
the  average.   The  distribution  of  18  2  campgrounds  in  197  0 
according  to  these  two  criteria  was: 

Successful :  No. 

1.  Above-average  occupancy,  over  $107/site:     48 

2.  Above-average  occupancy,  income  unknown:     21 

3.  Below-average  occupancy,  over  $107/site:      8 
M-.   Occupancy  unknown,  over  $107/site:  1 

Total  78 

Unsuccessful : 

1.  Below-average  occupancy  and  income:  M-6 

2.  Below-average  occupancy,  income  unknown:     17 

3.  Above-average  occupancy,  under  $107/site:    19 

4.  Occupancy  unknown,  under  $107/site:  7 

Total  89 

Unknown : 

1.   Occupancy  unknown,  income  unknown:  15 
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A  comparison  of  the  78  successful  and  89  unsuccessful 
campgrounds  revealed  a  number  of  significant  differences 
in  their  operations  (table  9).   The  successful  enterprises 
were  larger,  and  more  than  two-thirds  of  their  sites  had 
complete  or  partial  utility  connections  for  travel 
trailers.   The  market  value  of  the  successful  enterprises 
and  the  average  cost  per  site  of  operating  them  were 
about  twice  that  of  unsuccessful  campgrounds.   And  the 
average  number  of  camping  parties  served  was  almost  four 
times  greater  at  successful  campgrounds. 

Years  of  operation  seems  to  be  associated  with  success. 
Eighty-one  percent  of  the  successful  enterprises  and  5  9 
percent  of  the  unsuccessful  enterprises  had  been  in  business 
for  at  least  5  years.   Years  of  operation  is  probably  also 
related  to  the  number  of  repeat  visitors  and  the  average 
length  of  a  camping  visit.   The  modal  length  of  visit  at 
8  3  percent  of  the  unsuccessful  campgrounds  was  only  1  to  2 
nights.   Such  short  visits  were  the  rule  at  only  44  percent 
of  the  successful  enterprises. 
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Table  9.--A  comparison  of  78  successful  and  89  unsuccessful  commercial 
campground  operations  in  New  Hampshire  in  197  0 


Factor 


Successful 


Unsuccessful 


Size  : 

Tent  sites  in  1964- number....  20 

Trailer  sites  in  1964—  ...number....  20 

Tent  sites  in  1970 number....  21 

Trailer  sites  in  1970 number....  50 

Volume  of  business: 

Mean  number  of  parties  ... .number ... .  1,361 

.  .     2/ 

Seasonal  visitors— percent ....  31 

Repeat  business  increasing .. percent .  40 

Costs  per  developed  campsite: 

Total dollars 144.3  0 

Taxes  dollars  ....  17.60 

Interest  on  loans dollars....  12.30 

Maintenance dollars.  ...  20.90 

Advertising dollars  ....  6.30 

Depreciation dollars.  ...  36.70 

Paid  labor dollars....  23.00 

Average  fair  market  value  (1970) 

(estimated) dollars 145, 000. 00 


15 
15 
17 
32 

362 
10 
26 

67.50 

10.80 

7.30 

9.20 

4.70 

18.70 

10.90 

86,000.00 


—  Average  for  those  campgrounds  in  business  in  1964. 

2/ 

—  At  least  10  percent  of  sites  were  rented  at  seasonal  rate 
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A  number  of  other  differences  suggested  that  the 
successful  enterprises  have  a  more  businesslike 
management.   For  example,  66  percent  of  the  successful 
operators  had  a  charge  for  campers'  visitors,  averaging 
$1.75  per  car.   At  unsuccessful  operations,  the  figures 
were  4  9  percent  and  $1.25.   The  proportion  of  campgrounds 
that  had  store  sales  to  supplement  their  campsite  rental 
income  was  1  out  of  5  for  both  categories  of  campgrounds. 
However,  the  successful  ones  averaged  $11.4  0  (net)  per 
site  versus  $7.8  0  for  the  unsuccessful  ones.   Membership 
in  campground  owner  associations  was  more  common  (60 
percent  versus  3  8  percent)  among  the  successful  campgrounds 
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The  range  in  net  incomes  (per  site,  excluding  store 
sales)  among  successful  campgrounds  was  far  greater  than 
it  was  for  the  unsuccessful  ones.   The  latter  ranged  from 
-$88  per  site  to  +$57  per  site.   Successful  enterprises 
ranged  from  -$147  to  +$251  per  site,  a  mean  of  $36  net 
income  per  site. 

Unsuccessful  operators  were  more  likely  to  have 
developed  land  that  had  been  in  their  family  rather  than 
to  have  selected  the  land  because  it  seemed  to  have 
campground  potential  (4  0  percent  versus  6  percent  "in  the 
family"  among  successful  operators).   The  importance  of 
carefully  selecting  the  location  for  a  camping  enterprise 
is  most  apparent  when  comparing  success  ratios  by  county 
(fig.  2): 

County  197  0  campgrounds         Successful 

(No . )  (percent) 

Belknap  22  3  6 

Carroll  37  5  7 

Cheshire  16  56 

Coos  18  44 

Grafton  22  9 

Hillsboro  9  22 

Merrimack  14  4  3 

Rockingham  25  6  0 

Strafford  12  31 

Sullivan  9  44 

-30- 


•   IN  BUSINESS  IN  1970(182) 

■   NEW  CAMPGROUNDS,  1970-71  (24) 

o   NOT  AVAILABLE  FOR  1971  SURVEY  (8) 


.STRAFFORD 


ROCKINGHAM 

-4 


Figure  2. --The  commercial  campgrounds 
in  New  Hampshire  in  1971,  by  counties. 
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SUMMARY  AND  CONCLUSIONS   - 
The  size,  growth,  and  geographic  distribution 
(figs.  1  and  2)  of  the  campground  industry  in  New  Hampshire 
is  impressive.   Through  private  investment,  the  state  has 
acquired  a  major  developed  resource  that  provides  outdoor 
recreation  and  helps  to  generate  tourist  expenditures. 
It  is  a  resource  that  emphatically  contributes  answers  to 
the  1962  Outdoor  Recreation  Resources  Review  Commission's 
recommendations  of  providing,  through  private  investment, 
outdoor  recreation  opportunities  nearer  to  our  major 
centers  of  population.   And  it  is  a  resource  that  could  never 
have  been  duplicated  through  public  acquisition  and  agency 
growth.   Yet  it  is  an  industry  in  trouble.   Its  growth, 
in  terms  of  enterprises  and  capacity  to  serve  the  camping 
public,  has  been  good.   But  its  growth  in  terms  of  earnings 
has  been  a  disappointment  to  many  investors.   Despite  an 
incomplete  and  not  totally  representative  census  in  1971, 
it  is  clear  that  returns  and  costs  are  out  of  balance-- 
particularly  among  small  enterprises  of  fewer  than  100  tent 
and  trailer  sites. 
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The  strong  relationship  between  campground  size  and 
net  return  is  alarming  on  two  counts:   (1)  most  (8  out  of 
10)  of  New  Hampshire's  commercial  campgrounds  have  fewer 
than  100  developed  sites;  and  (2)  the  trend  toward  larger 
campground  developments  seems  to  be  at  odds  with  the  needs 
for  variety,  personal  service,  and  well-distributed 
camping  opportunities  for  a  vigorous  tourist  economy. 

As  a  further  result  of  poor  earnings,  campground 
owners  are  sometimes  forced  to  develop  supplemental 
campground  income  through  the  sale  of  souvenirs, 
firewood,  and  ice,  and  through  other  activities  that  may, 
in  the  long  run,  detract  from  the  business  of  providing 
enjoyable  experiences  that  will  draw  campers  back  to 
New  Hampshire  for  future  visits. 

The  finding  that  a  relatively  large  number  of 
campground  enterprises  were  developed  as  a  means  of 
earning  income  from  land  already  owned,  and  that  very  few 
such  enterprises  were  successful,  is  an  important  one. 
Lacking  a  careful  site  selection,  many  of  these  enterprises 
have  little  potential  for  success.   Consequently,  their 
earnings  and  volume-of -business  statistics  tend  to  dampen 
the  outlook  for  the  industry  as  a  whole. 
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In  part,  the  poor  earning  record  of  commercial 
campgrounds  must  be  due  to  the  owners'  reluctance  to  raise 
their  rates.   The  more  impressive  earnings  of  large 
campgrounds  are  not  entirely  due  to  their  size.   Larger 
campgrounds  are  more  likely  to  have  income  sources  other 
than  site  rentals,  and  their  site  rentals  tend  to  be 
higher  as  well.   Because  of  the  density  of  commercial 
campgrounds  in  parts  of  the  State,  there  may  be  a  feeling 
that  rates  must  be  raised  collectively  or  not  at  all. 
And  in  some  tourist  regions,  particularly  the  White 
Mountains,  there  is  probably  a  feeling  that  it  is 
necessary  to  set  rates  that  will  be  comparable  with  those 
at  the  State  Parks  and  National  Forest  campgrounds. 
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The  assumptions  that  rates  should  be  raised 
collectively,  and  that  they  should  be  comparable  with 
those  at  public  parks,  reflect  a  poor  understanding  of 
the  camping  product.   An  independent  increase  of  50<;:  or 
even  $1  per  night  will  probably  not  send  campers  flocking 
to  the  cheapest  competition--particularly  if  the  fees 
reflect  quality  development  and  service.   Those 
campgrounds  that  have  raised  their  rates  in  the  past  have 
apparently  not  lost  any  appreciable  number  of  campers. 
And  there  seems  to  be  some  evidence  to  support  the  idea 
that  public  and  private  campgrounds  are  increasingly  less 
competitive.   Relatively  few  campgrounds  developed  at 
public  expense  are  designed  and  managed  at  the  level 
required  by  today's  sophisticated  recreational  vehicles. 

Raising  camping  fees  to  a  level  that  more  accurately 
reflects  costs  seem  to  be  the  top-priority  order  of 
business  for  the  industry  as  a  whole.   Many  New  Hampshire 
campgrounds  have  apparently  been  losing  money  for  years; 
and  unless  this  trend  is  reversed,  we  may  shortly  be 
faced  with  a  period  of  many  campground  failures  at  a  time 
when  the  number  of  campers  in  the  market  continues  to 
increase . 
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More  realistic  camping-fee  levels  must  be  accompanied 
by  a  stronger  emphasis  on  quality  and  public  recognition 
of  the  camping  enterprise  as  an  economic  resource. 
Relatively  modest  property- tax  relief,  which  communities 
cdmmonly  have  used  to  attract  industries--and  less  clean 
industries  than  camping--could  easily  be  justified  on  a 
local  and  broader  basis.   Locally,  the  campground  generates 
jobs  and  income.   But  on  a  broader  scale,  if  camping 
enterprises  do  not  meet  the  demands  of  the  camping  public, 
then  resource  agencies  will  be  forced  to  fill  the  gap  at 
a  considerable  taxpayer  expense. 

Along  with  a  failure  to  establish  cost-based  fees, 
campground  owners  in  general  seem  to  be  guilty  of 
unimaginative  marketing  and  poor  product  identification. 
The  product  being  offered  to  the  camping  public,  at 
destination  campgrounds  at  least,  is  daytime  recreation. 
But  the  fee  is  always  based  on  night-time  accommodation. 
A  $3.50  average  for  a  day's  recreation  for  a  family  is  an 
outstanding  bargain!   In  fact  it  is  such  a  good  bargain 
that  it  is  equivalent  to  an  industry-wide  loss-leader  that 
encourages  sales  of  expensive  camping  equipment  and  vehicles 
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When  the  campground  industry  begins  to  market  and 
sell  outdoor  fun--rather  than  tent  and  trailer  spaces--it 
will  probably  become  a  significant  contributor  to  the 
State's  economy.   It  is  already  a  significant  part  of 
New  Hampshire's  total  recreation  resource. 
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APPENDIX 
Table  10. --A  comparison  of  campground  volume  of  business  statistics 
according  to  enterprise  size  and  regional  location 


jilegion  and  size 
3f  campground 


Campgrounds 


100-day 
season  or 
shorter 


Reservations 
are  1/2  or 
more  of 
business 


Gross  income 
per  site 
(less  store  sales) 


Range 


Mean 


Jhite  Mountains : 
Small-'^ 


Large 

Dartmouth- 
Lake    Sunapee : 

Small 

Large 
jdkes : 

Small 

Large 
fonadnock: 

Small 

Large 
lerrimack    Valley 

Small 

Large 
5eacoast : 

Small 

Large 


No, 

24 
15 


12 
5 

31 
30 

11 
9 

13 
9 

5 
18 


Percent 

78 
60 


83 
60 

87 
73 

55 
33 

77 
78 

100 
61 


Percent 

26 

50 


40 
80 

50 
50 

38 
68 

60 
25 

25 
59 


-Small  campgrounds  have  fewer  than  50  campsites 
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Dollars     Dollars 


6-250 
6-333 


16-146 
77-177 

10-293 
13-425 

4-170 
20-324 

3-177 
40-171 

30-155 
8-265 


91 
172 


65 
110 

111 
130 

70 
114 


103 

93 
112 


Table  11. --A  comparison  of  selected  characteristics  of  camping 
enterprises  in  New  Hampshire,  based  upon  age  and  size  of  campground 


17 


Characteristic 


Old  campgrounds 


Small 


2/ 


New  campgrounds 


Large    Small    Large 


Enterprises  No. 

Average  size  No.  sites 

Sites  per  acre  No. 


1970  attendance  

Average  weekly  rate  . . 
Average  seasonal  rate 
Over  1/2  full,  1970  .  .  ■ 
Over  1/2  repeat  visits 
Over  1/2  reserved 

business  


Average  market  value  . .  , 
Average  income  per  site 
(excluding  store  sales), 
Average  net  income  per 
site  from  store  sales  . 
Average  costs  per  site 
(excluding  store  costs). 

Average  costs  per  site 

(without  store): 

Labor  , 

Taxes  , 

Interest  , 

Advertising  , 

Depreciation  , 


families 
dollars 
dollars 
percent 
percent 

percent 

dollars 

dollars 

dollars 

dollars 


Regional  distribution: 

White  Mountains 

Dartmouth-Lake  Sunapee, 

Lakes  , 

Monadnock  , 

Merrimack  Valley  , 

Seacoast  


42 

29 

4.9 

428 
18 

150 
58 
81 

53 

46,600 

90.70 

6.50 

90.80 


dollars  . 

8 

.60 

dollars  . 

19 

.80 

dollars  . . 

5 

.90 

dollars  . . 

4 

.60 

dollars  . . 

15 

90 

percent  . 

28 

percent  . , 

35 

percent  . . 

23 

percent  . . 

20 

percent  . 

27 

percent  . . 

4 

41 
100 

6.1 

1,108 

21 

170 

90 

90 

59 

158,600 

142.80 

9.30 

106.00 


54 
26 

4.7 

362 
19 

180 
49 
53 

33 

45,200 
89.30 
14.40 

118.20 


18.60 

3.90 

10.00 

17.00 

6.20 

9.60 

6.10 

6.10 

28.70 

30.70 

15 

34 

6 

35 

23 

28 

20 

35 

23 

32 

48 

17 

45 

99 

5.5 

1,422 

21 

200 

61 

79 

47 

155,600 

110.90 

8.60 

114.30 


20.20 
12.50 
15.80 
4.70 
30.50 


23 
24 
26 
25 
18 
31 


—  Older  campgrounds  in  business  before  1966;  new  campgrounds 
since  1966. 

2/ 

—  Smaller  campgrounds  have  fewer  than  50  sites. 
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Green  Lumber  Grade  Yields 

for  Subfactory  Class  Hardwood  Logs 


ABSTRACT 

Data  on  lumber  grade  yields  for  subfactory  class  logs  are  pre- 
sented for  ten  species  of  hardwoods.  Logs  of  this  type  are  expected 
to  assume  greater  importance  in  the  market.  The  yields,  when 
coupled  with  lumber  prices,  will  be  useful  to  sawmill  operators  for 
developing  log  prices  in  terms  of  standard  factory  lumber. 


Introduction 

L  UMBER  GRADE  yield  tables  for  sub- 
factory  class  red  oak  sawlogs  were  re- 
ported previously  by  Schroeder  in  1968.^ 
Since  then,  there  have  been  requests  for 
tables  of  subfactory  class  lumber  yields  of 
additional  species.  We  have  developed  such 
tables  for  nine  more  hardwood  species:  beech, 
hickory,  red  maple,  yellow-poplar,  yellow  and 
paper  birch,  and  white,  chestnut,  and  overcup 
oak.  These  are  presented  in  this  report  to- 
gether with  yields  for  red  oak,  thus  bringing 
all  available  subfactory  class  yields  under  one 
cover. 


Procedure 

During  the  past  12  years,  the  Forest  Serv- 
ice has  collected  lumber  grade  yield  data  from 
approximately  12,000  hardwood  logs.  Al- 
though most  of  these  qualified  as  factory 
grade  3  or  better,  over  600  subfactory  class 
logs  were  sawed.  Subfactory  logs  include  con- 
struction and  local-use  classes.  Specifications 
for  these  classes  appear  in  tables  1  and  2, 

^Schroeder,  James  G.  1968.  Lumber  grade  yields 
FOR  subfactory  CLASS  RED  OAK  LOGS.  USDA  Forest 
Serv.  Res.  Paper  NE-114,  15  p.,  NE.  Forest  Exp. 
Sta.,  Upper  Darby,  Pa. 


respectively.  All  lumber  was  graded  by  a 
National  Hardwood  Lumber  Association  in- 
spector at  the  time  of  sawing,  and  the  neces- 
sary information  was  recorded  so  that  the 
board  grades  and  volumes  for  each  log  were 
known. 

In  preparation  for  this  report,  we  tabulated 
actual  green  lumber  grade  yields  by  log  diam- 
eter for  each  species.  These  yields  formed  the 
basis  for  the  analysis.  Several  species  were 
eliminated  from  the  study  at  this  stage  be- 
cause the  sample  size  or  range  of  diameters 
was  too  small  to  be  useful  in  yield  table 
development.  Multiple  regression  equations 
were  derived  for  each  lumber  grade  within  a 
species.  The  equations  were  of  the  form: 

%  yield  =  a  +  b  (scaling  diameter) 
+  c  (scaling  diameter)  = 

Results 

Tables  3  through  12  show  the  green  lumber 
grade  yields  for  subfactory  class  logs.  Most 
major  hardwood  species  have  been  consid- 
ered, with  the  notable  exception  of  sugar 
maple.  Of  the  613  sugar  maple  logs  available, 
only  three  were  classed  as  subfactory.  If  a 
subfactory  yield  table  for  sugar  maple  is  re- 
quired, the  table  for  red  maple  is  suggested  as 
a  substitute. 


It  should  be  noted  that  the  yields  in  table 
3  were  developed  from  the  same  logs  used  for 
Schroeder's  earlier  publication.  A  comparison 
will  show  differences.  An  obvious  reason  is 
that  yields  presented  here  are  green  yields 
while  the  earlier  report  presented  dry  yields. 
Most  mills  that  saw  subfactory  class  logs  are 
producing  lumber  for  the  pallet  industry,  and 
the  biggest  share  of  pallet  lumber  is  traded 
green.  A  possible  reason  for  the  differences 
between  our  yields  and  Schroeder's  is  that 
we  used  regression  analysis  instead  of  a  hand 
fitting  procedure.  As  a  check,  we  compared  the 
dry  yields  reported  in  NE-114,  which  were 
developed  using  hand  fitted  curves,  with  dry 
yields  computed  from  our  equations  and  found 
close  agreement.  Only  6  of  the  66  figures  dif- 
fered by  more  than  one  percent.  This  finding 


justifies  use  of  the  much  faster  equation  solv- 
ing method. 

Discussion 

Requests  for  data  on  subfactory  class  lum- 
ber yields  have  come  from  several  sources. 
These  logs  are  being  converted  into  lumber, 
so  buyers  and  sellers  need  to  know  the  log 
values  in  terms  of  lumber.  By  applying  prices 
to  the  yields,  these  log  values  can  be  deter- 
mined. 

As  we  approach  utilization  of  the  whole 
tree,  more  low  quality  logs  will  be  marketed. 
The  most  profitable  use  of  these  logs  must  be 
determined,  and  yield  data  for  subfactory 
class  logs  will  be  useful. 


Table  1 . — Foresf  Service  standard  specificafions  for 
hardwood  consfrucfion  logs.' 


Position  in  tree 

Butt  &  upper 

Min.  diameter,  small  end 

8  inches  -|- 

Min.  length,  without  trim 

8  feet 

Clear  cuttings 

No  requirements. 

Sweep  allowance,  absolute 

^4  diameter  small  end  for  each  8  feet  of 
length. 

Single  knots 

Any  number,  if  no  one  knot  has  an  aver- 
age diameter  above  the  callus  in  excess 
of  Vs  of  log  diameter  at  point  of  occur- 
rence. 

Sound 

surface 

defects 

Whorled  knots 

Any  number  if  sum  of  knot  diameters 
above  the  callus  does  not  exceed  Vs  of 
log  diameter  at  point  of  occurrence. 

Holes 

Any  number  provided  none  has  a  diam- 
eter over  V3  of  log  diameter  at  point  of 
occurrence,  and  none  extends  over  3 
inches  into  included  timber.'' 

Unsound  surface  defects 

Same  requirements  as  for  sound  defects 
if  they  extend  into  included  timber.'' 
No  limit  if  they  do  not. 

Sound 

No  requirements. 

End 
defects 

Unsound 

None  allowed;  log  must  be  sound  in- 
ternally, but  will  admit  1  shake  not  to 
exceed  V4  the  scaling  diameter  and  a 
longitudinal  split  not  extending  over  5 
inches  into  the  contained  timber. 

■'  These  specifications  are  minimum  for  the  class.  If,  from  a  group  of  logs,  factory  logs  are 
selected  first,  thus  leaving  only  non-factory  logs  from  which  to  select  construction  logs, 
then  the  quality  range  of  the  construction  logs  so  selected  is  limited,  and  the  class  may  be 
considered  a  grade.  If  selection  for  construction  logs  is  given  first  priority,  then  it  may  be 
necessary  to  subdivide  the  class  into  grades. 

''  Included  timber  is  always  square,  and  dimension  is  judged  from  small  end. 

From:  Rast,  Everette  D.,  David  L.  Sonderman,  and  Glenn  L.  Gammon.  1973. 
A  GUIDE  TO  HARDWOOD  LOG  GRADING  (Revised).  USDA  Forest  Serv.  Gen.  Tech.  Rep. 
NE-1.  32  p.,  illus.  NE.  Forest  Exp.  Sta.,  Upper  Darby,  Pa. 


Table  2. — Suggested  specifications  for  hardwood 
local-use  logs. 


Position  in  tree 

Butt  and  upper 

Min.  diameter,  small  end 

8  inches  -\- 

Min.  length,  without  trim 

8  feet  + 

Sweep  allowance,  absolute 

1/^  diameter  of  small  end 

Max.  scale  deduction  allowed 

% 

Clear  cuttings 

No  requirements 

Sound  or  unsound 
surface  defect  limitations 

Only  requirement  is  that  diam- 
eter of    knots,  holes,  rot,  etc. 
shall  not  exceed  i/^  diameter  of 
log  at  point  of  occurrence. 

Sound  end  defects 

No  requirements 

From:  Rast,  Everette  D.,  David  L.  Sonderman,  and  Glenn  L.  Gam- 
mon. 1973.  A  GUIDE  TO  HARDWOOD  LOG  GRADING  (Revised).  USD  A 
Forest  Serv.  Gen.  Tech.  Rep.  NE-1.  32  p.,  illus.  NE.  Forest  Exp.  Sta., 
Upper   Darby,    Pa. 


Table    3. — Green    lumber   yields    by    grade    for 
construction  and  local-use  class  red  oak  saw/ogs" 


Diam- 

Lumber grade 

eter 

FAS 

SEL 

IC 

2C 

3A 

3B 

Inches 

Percent 

9 

0 

0 

0 

2 

21 

77 

10 

0 

0 

2 

6 

22 

70 

11 

0 

0 

3 

10 

23 

64 

12 

0 

0 

5 

14 

24 

57 

13 

0 

7 

17 

25 

50 

14 

0 

10 

20 

25 

44 

15 

0 

12 

23 

25 

39 

16 

1 

15 

25 

25 

33 

17 

1 

18 

27 

25 

28 

18 

1 

2 

21 

29 

24 

23 

19 

1 

2 

24 

30 

24 

19 

"Includes  black,  northern  red,  and  scarlet  oaks. 


Table  4. — Green  lumber  yields  by  grade  for  construction  and 
local-use  class  white  oak  sawlogs 


Lumber  grade 

Diameter 

FAS 

FASIF 

SEL 

IC 

2C 

SW 

3A 

SB 

Inches 

Percent 

8 

0 

0 

0 

0 

6 

16 

38 

40 

9 

0 

0 

0 

0 

9 

18 

37 

36 

10 

0 

0 

0 

2 

11 

20 

35 

32 

11 

0 

0 

0 

5 

13 

21 

33 

28 

12 

0 

0 

1 

7 

14 

23 

31 

24 

13 

0 

0 

1 

9 

16 

24 

29 

21 

14 

0 

0 

1 

11 

17 

25 

28 

18 

15 

0 

0 

0 

13 

18 

27 

26 

16 

16 

0 

0 

0 

15 

19 

28 

24 

14 

17 

0 

0 

16 

19 

29 

22 

13 

18 

0 

0 

18 

19 

30 

21 

11 

19 

0 

0 

19 

20 

31 

19 

10 

20 

0 

0 

20 

20 

32 

18 

9 

21 

0 

0 

21 

19 

33 

16 

10 

22 

0 

0 

22 

18 

34 

15 

10 

23 

0 

0 

22 

18 

34 

14 

11 

24 

0 

0 

23 

17 

35 

12 

12 

Table  5. — Green  lumber  yields  by  grade  for  construction  and 
local-use  class  chestnut  oak  sawlogs 


Lumber  grade 

1  lifiTTiptpr 

FAS 

FASIF 

SEL 

IC 

2C 

SW 

3A 

3B 

Inches 

Percent 

8 

0 

0 

0 

0 

3 

22 

22 

53 

9 

0 

0 

0 

1 

5 

24 

22 

48 

10 

0 

0 

0 

1 

7 

26 

23 

43 

11 

0 

0 

0 

1 

9 

28 

23 

39 

12 

0 

0 

0 

2 

11 

30 

22 

35 

13 

0 

0 

0 

2 

12 

32 

22 

32 

14 

0 

0 

0 

3 

13 

34 

21 

29 

15 

0 

0 

0 

4 

13 

35 

21 

27 

16 

0 

0 

0 

5 

14 

37 

19 

25 

17 

0 

0 

0 

6 

14 

38 

18 

24 

18 

0 

0 

0 

7 

13 

40 

16 

24 

19 

0 

0 

0 

9 

12 

41 

14 

24 

20 

0 

0 

0 

10 

11 

42 

12 

25 

21 

0 

0 

0 

12 

10 

43 

9 

26 

22 

0 

0 

0 

14 

8 

44 

7 

27 

23 

0 

0 

0 

15 

6 

45 

4 

30 

Table  6. — Green  lumber  yields  by  grade  for  consfruction  and 
local-use  class  overcup  oak  sawlogs 


Lumber 

grade 

Diameter 

FAS  FASIF 

SEL 

IC 

2C 

3A 

3B 

Inches 

Percent 

10 

0 

0 

0 

0 

9 

16 

75 

11 

0 

0 

0 

2 

13 

18 

67 

12 

0 

0 

0 

3 

17 

19 

61 

13 

0 

0 

0 

5 

20 

21 

54 

14 

0 

0 

0 

7 

23 

22 

48 

15 

0 

0 

0 

8 

26 

22 

44 

16 

0 

0 

0 

10 

28 

23 

39 

17 

0 

0 

0 

12 

29 

23 

36 

18 

0 

0 

0 

14 

30 

23 

33 

19 

0 

0 

0 

16 

31 

23 

30 

20 

0 

0 

0 

18 

32 

22 

28 

21 

0 

0 

0 

20 

31 

22 

27 

22 

0 

0 

0 

22 

31 

21 

26 

23 

0 

0 

0 

25 

30 

19 

26 

24 

0 

0 

0 

27 

29 

18 

26 

Table  7. — Green  lumber  yields  by  grade  for  construction  and 
local-use  class  yellow-poplar  sawlogs 


Lumber  grade 

Diameter 

FAS 

SEL 

SAPS        IC 

2A 

2B 

3C 

Inches 

Percent 

8 

0 

0 

0 

2 

7 

89 

2 

9 

0 

0 

0 

3 

14 

81 

2 

10 

0 

0 

0 

5 

21 

72 

2 

11 

0 

0 

0 

7 

27 

64 

2 

12 

0 

0 

0 

9 

32 

57 

2 

13 

0 

0 

1 

12 

35 

50 

2 

14 

0 

0 

1 

15 

38 

44 

2 

15 

0 

0 

2 

18 

39 

39 

2 

16 

0 

0 

2 

22 

39 

35 

2 

17 

0 

0 

2 

26 

39 

31 

2 

18 

0 

0 

3 

30 

37 

28 

2 

19 

0 

0 

4 

35 

34 

25 

2 

20 

0 

0 

5 

40 

30 

23 

2 

Table  8. — Green  lumber  yields  by  grade  for  construction  and 
local-use  class  red  maple  sawlogs 


Lumber  grade 

Diameter 

FAS 

FASIF 

SEL 

IC 

2A 

2B 

3A 

3B 

Inches 

Percent 

8 

0 

0 

0 

1 

1 

56 

0 

42 

9 

0 

0 

0 

2 

5 

69 

5 

19 

10 

0 

0 

0 

2 

8 

75 

11 

4 

11 

0 

0 

0 

4 

11 

72 

13 

0 

12 

0 

0 

0 

6 

13 

65 

15 

1 

13 

0 

0 

0 

9 

14 

50 

14 

13 

14 

0 

0 

0 

12 

14 

28 

11 

35 

15 

0 

0 

0 

16 

14 

0 

5 

65 

Table  9. — Green  lumber  yields  by  grade  for  construcfion  and 
local-use  class  yellow  birch  sawlogs 


Lumber  grade 

Diameter 

FAS  FASIF 

SEL 

IC 

2C 

3A 

3B 

Inches 

Percent 

8 

0 

0 

0 

5 

34 

60 

9 

1 

0 

2 

11 

31 

54 

10 

1 

0 

5 

16 

28 

49 

11 

1 

0 

8 

21 

26 

43 

12 

1 

0 

10 

26 

24 

38 

13 

2 

0 

12 

29 

22 

34 

14 

2 

0 

14 

33 

20 

30 

15 

2 

0 

16 

36 

19 

26 

16 

2 

2 

0 

18 

38 

18 

22 

17 

2 

2 

0 

19 

40 

18 

19 

18 

2 

2 

0 

21 

42 

17 

16 

19 

2 

3 

0 

22 

42 

17 

14 

20 

2 

3 

0 

23 

43 

17 

12 

21 

2 

3 

0 

25 

42 

18 

10 

22 

2 

5 

0 

26 

41 

18 

8 

23 

2 

5 

0 

26 

40 

20 

7 

24 

2 

6 

0 

27 

38 

21 

6 

Table  10. — Greeri  lumber  yields  by  grade  for  consfrucfion 
and  local-use  class  paper  birch  sawlogs 


Lumber 

grade 

Diameter 

FAS 

SEL 

IC 

2C 

3A 

3B 

Inches 

Percent 

8 

0 

0 

3 

9 

37 

51 

9 

0 

3 

13 

38 

45 

10 

0 

3 

17 

38 

41 

11 

0 

4 

20 

37 

38 

12 

0 

6 

22 

35 

36 

13 

0 

9 

24 

31 

35 

14 

0 

12 

25 

27 

35 

15 

0 

16 

25 

21 

37 

16 

0 

21 

25 

14 

39 

Table  1 1 . — Green  lumber  yields  by  grade  for 
construction  and  local-use  class  hickory  sawlogs 


Lumber  grade 

Diameter 

FAS 

IC 

2C 

3C 

Inches 

Percent 

8 

0 

0 

26 

74 

9 

0 

0 

38 

62 

10 

0 

0 

47 

53 

11 

0 

1 

52 

47 

12 

0 

3 

55 

42 

13 

0 

6 

53 

41 

14 

0 

10 

49 

41 

15 

0 

16 

40 

44 

16 

0 

22 

29 

49 

Table  12. — Green  lumber  yields  by  grade  for  consfrucfion  and 
local-use  class  beech  sawlogs 


Diam- 

Lumber 

grade 

eter 

FAS 

FASIF 

SEL 

IC 

2C 

3A 

3B 

Inches 

Percent 

9 

0 

0 

0 

0 

0 

20 

80 

10 

0 

0 

0 

0 

4 

25 

71 

11 

0 

1 

0 

5 

11 

27 

56 

12 

0 

3 

0 

9 

17 

28 

43 

13 

0 

4 

0 

13 

22 

28 

33 

14 

0 

5 

1 

16 

26 

28 

24 

15 

0 

5 

1 

19 

29 

28 

18 

16 

0 

6 

1 

21 

31 

28 

13 

17 

0 

6 

2 

22 

32 

27 

11 

18 

0 

5 

2 

23 

32 

27 

11 

19 

0 

5 

3 

23 

31 

25 

13 

20 

0 

4 

4 

23 

29 

24 

16 

21 

0 

3 

5 

22 

25 

22 

23 

THE  FOREST  SERVICE  of  the  U.  S.  Depart- 
ment of  Agriculture  is  dedicated  to  the  principle  of 
multiple  use  management  of  the  Nation's  forest  re- 
sources for  sustained  yields  of  wood,  water,  forage, 
wildlife,  and  recreation.  Through  forestry  research, 
cooperation  with  the  States  and  private  forest 
owners,  and  management  of  the  National  Forests 
and  National  Grasslands,  it  strives  —  as  directed 
by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 
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Explaining  the  Forest  Product 
Selling  Behavior 
of  Private  Vlfoodlai 


ABSTRACT 

A  multiple-variable  screening  technique,  AID,  was  used  to  explain 
the  forest-product-sales  behavior  of  private  woodland  owners.  Re- 
sults provide  a  basis  for  policy-related  inferences  and  suggest  an 
optimal  strategy  for  encouraging  sales  of  forest  products. 


IH  ARMERS,  small  businessmen,  laborers, 
professionals,  clerks,  retirees  and  other 
private  noncorporate  owners  collectively  own 
about  80  percent  of  the  commercial  forest 
land  in  the  14  Northeastern  States.  Conse- 
quently, the  decisions  they  make  about  the 
use  of  their  woodlands  have  a  major  impact 
on  the  future  availability  of  forest  products 
and  services  in  the  region.  Yet  little  is  known 
about  the  forest-related  behavior  of  this  sig- 
nificant group  of  decision-makers.  We  have 
used  a  multiple-variable  screening  procedure 
to  explain  their  forest-product-selling  be- 
havior in  terms  of  characteristics  of  owner- 
ship. 

APPROACH 

Two  dependent  variables  of  sales  behavior 
and  several  independent  variables  of  owner- 
ship were  selected  for  analysis.  Our  data  were 
derived  from  a  recent  study  describing  the 
characteristics,  attitudes,  and  actions  of  394 


private    noncorporate    woodland    owners    in 
Pennsylvania  (Larsen  and  Gansner  1972). 

Variables 

Dependent  variables. — Recent  sales  of  for- 
est products  and  intent  to  sell  forest  products 
in  the  future  were  the  dependent  behavior 
variables.  Sample  owners  were  split  on  each 
variable.  Owners  who  sold  forest  products  in 
the  past  5  years  were  classified  as  sellers.  The 
rest  were  labeled  nonsellers.  Owners  who  def- 
initely intended  to  sell  forest  products  in  the 
next  5  years  were  classified  as  owners  who 
plan  to  sell.  The  rest  were  labeled  owners 
who  do  not  plan  to  sell  or  are  not  certain. 

Independent  variables. — Ownership  char- 
acteristics hypothesized  to  reflect  recent  for- 
est-product sales  and  sales  intent  were  the 
independent  variables.  Twelve  ownership 
variables  were  used  to  analyze  recent  forest- 
product  sales  and  thirteen  ownership  variables 
were  used  to  analyze  sales  intent  (table  1). 


Table  1. — Statistical  relationships  between  selected 
ownership  characteristics  and  forest-product-sales 
behavior 


Chi-square 

significance 

Ownership  characteristics 

level 

Recent 

Sales 

sales 

intent 

Pet. 

Pet. 

1. 

Acreage  of  woodland  owned 

0.1 

0.1 

2. 

Duration  of  woodland 

ownership 

2.0 

(^) 

3. 

Type   of  ownership 

C') 

(-) 

4. 

Distance   from   residence 

to  woodland 

C) 

(-) 

5. 

Encumbered  status  of 

woodland 

C') 

C^) 

6. 

Age 

C^) 

C^) 

7. 

Formal  education 

(^) 

C') 

8. 

Occupation 

.1 

.5 

9. 

Income 

1.0 

2.0 

10. 

Use  of  forest-management 

practices'' 

.1 

.1 

11. 

Participation  in  formal 

government  programs'' 

C') 

C^) 

12. 

Receipt  of  forest-management 
or  timber-marketing 

information'' 

.1 

.1 

13. 

Recent  sales  of  forest 

products'' 

(') 

.1 

^Not  significant  at  the  5.0-percent  level. 
''During  the  past  5  years. 
<^Not  applicable. 


Contingency  Analysis 

We  used  simple  bivariate  contingency 
analysis  to  test  the  relationships  between  the 
dependent  variables  and  each  of  the  selected 
ownership  characteristics  (table  1).  Test  re- 
sults showed  a  highly  significant  dependence 
(at  the  0.1 -percent  level)  between  recent 
product  sales  and  four  ownership  characteris- 
tics: acreage  of  woodland  owned,  occupation, 
use  of  forest-management  practices,  and  re- 
ceipt of  information  about  forest  management 
or  marketing.  Income  and  duration  of  owner- 
ship were  also  related  to  recent  sales,  but  at 
lower  levels  of  significance. 

Intent  to  sell  forest  products  was  signifi- 
cantly related  (at  the  0.1 -percent  level)  with 
four  ownership  variables:  acreage  of  wood- 
land owned,  use  of  forest-management  prac- 
tices, receipt  of  information  about  forest 
management  or  marketing,  and  recent  forest- 
product  sales.  Occupation  and  income  were 
also  related  to  sales  intent  but  at  lower  levels 
of  significance. 


The  contingency  analysis  identified  several 
variables  for  explaining  sales  behavior.  How- 
ever, it  did  not  indicate  what  combination 
of  ownership  variables  best  explains  sales 
behavior. 

iVIultlple  Variable  Analysis 

What  combination  of  ownership  variables 
best  explains  recent  forest-product  sales  and 
sales  intent?  To  answer  this  question  we 
turned  to  an  iterative  variance  classification 
scheme  called  AID — Automatic  Interaction 
Detector  (Sonquist  and  Morgan  1964).  AID, 
a  nonsymmetrical  binary  branching  process, 
was  used  to  subdivide  the  sample  of  wood- 
land owners  into  a  series  of  subgroups.  These 
subgroups  maximized  our  ability  to  explain 
forest-product-sales  behavior. 

The  AID  technique  has  distinct  advantages 
over  conventional  multiple-regression  tech- 
niques. It  can  accommodate  classification 
(dummy)  variables,  and  it  requires  no  speci- 
fication of  a  general  linear  model. 

We  set  the  following  splitting  constraints 
appropriate  for  our  study: 

1.  The  best  split  of  any  candidate  group  had 
to  reduce  the  unexplained  sum  of  squares 
by  at  least  1.0  percent  of  the  total  sum 
of  squares  (around  the  grand  mean). 

2.  Each  of  the  resultant  groups  of  a  split 
had  to  contain  a  minimum  of  30  observa- 
tions. 

3.  Independent  variables  (acreage,  duration 
of  ownership,  age,  education,  and  income) 
that  were  expected  to  have  a  monotonic 
effect  on  each  dependent  variable  were 
assigned  a  monotonic  splitting  constraint. 

RESULTS 

Two  dependent  behavior  variables  were 
subjected  to  AID  analysis.  The  output  of 
each  analysis  is  presented  as  a  tree  of  binary 
spHts  (fig.  1  and  fig.  2).  A  detailed  analysis 
of  the  development  of  one  of  these  trees — 
the  one  used  to  explain  recent  forest-product 
sales  activity — helps  to  understand  and  in- 
terpret the  study  results. 

Group  1  in  figure  1  represents  the  total 
sample    of    394    woodland    owners.    Twenty 


(1)   TOTAL  SAMPLE 
N   =   394 
P         20 


(3)50  ACRES  OR  MORE 
N  -   230 
P    ^      30 


(5)   RECEIVERS 
N   =   35 
P   =    63 


RECEIPT  OF  MANAGEMENT  OR 
MARKETING  INFORMATION  IN 
THE  PAST  5  YEARS 


ACREAGE  OF 
WOODLAND  OWNED 


(4) 

NON 

-RECEIVERS 

N    = 

195 

P    = 

24 

(7)    FARMERS 
N  =   33 
P    =      45 


OCCUPATION 


(2)   1-49  ACRES 
N  =    164 
P   =     05 


(6)   WHITE  COLLAR, 
BLUE   COLLAR, 
RETIRED,   OR 
OTHER 


162 

20 


(9) 

WHITE  COLLAR 

OR  RETIRED 

N        106 

P         25             * 

(8)    BLUE  COLLAR, 
OR  OTHER 
N   -    56 
P         09  * 


Figure  1. — Variables  explaining  recent  sales  of  forest  products. 
N  =  group  size;  P  =  proportion  of  owners  In  a  group  who  sold  forest 
products  during  the  past  5  years;  and  *  =  final  group.  "Other  oc- 
cupations" include  service  workers,  housewives,  and  disabled  and 
unennployed  individuals. 


Figure  2. — Variables  explaining  intent  to 
sell  forest  products  in  the  future.  N  = 
group  size;  P  =  proportion  of  owners  in  a 
group  who  plan  to  sell  forest  products  in 
the  next  5  years;  and  *  =  final  group. 
"Encumbered  woodlands"  are  mortgaged, 
used  for  collateral,  or  leased. 


(3)   SELLERS 
N  =   77 
P   =    55 


(7)  PRACTICES  USED 
N   =   41 
P    =    76  * 


USE  OF  FOREST- 
MANAGEMENT 
PRACTICES 
IN  THE  PAST  5  YEARS 


SALE  OF  FOREST 
PRODUCTS   IN  THE 
PAST  5  YEARS 


16)   NO  PRACTICES 
USED 


(5)   ENCUMBERED 
N   =   41 


ENCUMBERED  STATUS 
OF  WOODLAND 


(4)   UNENCUMBERED 
N  =   276 
P    =     07  * 


percent  of  these  owners  sold  forest  products 
in  the  past  5  years.  Our  goal  was  to  find  the 
combination  of  variables  that  best  explains 
recent  product  sales.  Group  1  was  split  into 
two  groups  on  the  variable  that  maximizes  the 
reduction  in  the  unexplained  sum  of  squares. 
The  best  variable  for  splitting  group  1  was 
acreage  of  woodland  owned. 

The  resulting  groups  were  group  2,  owners 
of  1  to  49  acres  of  woodland;  and  group  3, 
owners  of  50  acres  or  more  of  woodland.  Sim- 
ilarly, group  3  was  divided  into  group  4, 
non-receivers;  and  group  5,  receivers  of  infor- 
mation about  forest-product  management  or 
marketing  during  the  past  5  years.  The  same 
procedure  was  followed  to  split  group  4,  and 
so  on. 

A^  denotes  the  number  of  sample  owners  in 
each  group,  and  P  is  the  proportion  of  owners 
in  that  group  who  sold  forest  products  in  the 
past  5  years.  A  group  that  cannot  be  split 
further  (see  three  splitting  constraints)  is 
marked  with  an  asterisk  and  constitutes  a 
final  group.  Group  7,  for  example  constitutes  a 
final  group  of  33  owners.  Each  member  of  this 


group  is  a  farmer  who  owns  50  acres  or  more 
of  woodland  and  has  not  received  information 
about  management  or  marketing  in  the  past 
5  years.  Forty-five  percent  of  these  individ- 
uals sold  forest  products. 

Key  groups  for  explaining  owner  behavior 
are  those  with  the  highest  and  lowest  P  values 
in  each  tree  of  binary  splits.  These  groups 
characterize  behavioral  extremes.  Groups  2 
and  5  (fig.  1)  are  good  examples.  According 
to  our  analysis,  forest-product  sellers  were 
least  prevalent  among  members  of  group  2 
and  most  prevalent  among  members  of 
group  5. 

Recent  Forest  Product  Sales 

Twenty  percent  of  the  original  sample  of 
394  woodland  owners  sold  forest  products 
during  the  past  5  years  (group  1,  fig.  1). 
Splitting  the  sample  on  two  key  variables 
substantially  improved,  our  ability  to  explain 
their  recent  sales  behavior.  If  an  individual 
owns  less  than  50  acres  of  woodland,  chances 
are  very  slim  that  he  sold  forest  products 
during  the  past  5  years.  Only  1  in  20  of  these 
small  tract  owners  did  (group  2,  fig.  1).  If, 
on  the  other  hand,  he  owns  at  least  50  acres 
of  woodland  and  has  received  information 
about  the  management  and  marketing  of 
forest  products  in  the  recent  past,  chances 
are  relatively  good  (63  out  of  100)  that  he 
sold  forest  products   (group  5,  fig.   1). 

Though  these  results  do  not  prove  cause 
and  effect  relationships,  they  do  provide  a 
basis  for  policy-related  inferences.  It  appears 
that  owners  of  large  timber  tracts  are  more 
willing  and  better  able  to  satisfy  current  de- 
mands for  forest  commodities.  One  way  to 
effectively  stimulate  the  selling  activity  of 
these  owners  is  to  provide  more  of  them  with 
information  about  the  management  and  mar- 
keting of  forest  products. 


those  individuals  who  have  sold  forest  prod- 
ucts and  have  practiced  some  form  of  forest 
management  on  their  woodland  in  the  recent 
past.  Nearly  four-fifths  of  these  owners  plan 
to  make  future  sales  (group  7,  fig.  2).  Owners 
who  have  not  experienced  recent  sales  and 
whose  woodlands  are  not  encumbered  (not 
mortgaged,  used  for  collateral,  or  leased)  tend 
to  have  very  little  interest  in  future  sales 
(group  4,  fig.  2). 

The  highly  significant  relationship  between 
past  selling  behavior  and  future  sales  intent 
was  surprising.  Apparently  many  of  the 
owners  who  recently  sold  forest  products  con- 
sidered it  a  rewarding  experience — so  much 
so  that  they  fully  intend  to  try  it  again. 
Recent  use  of  forest-management  practices 
apparently  strengthens  the  urge  to  make 
future  sales  and  perhaps  reflects  a  desire  to 
recover  funds  invested  in  forestry. 

IMPLICATIONS 

Our  study  has  demonstrated  the  usefulness 
of  a  multiple-variable  screening  technique, 
AID,  to  explain  the  behavior  of  an  important 
group  of  decision-makers.  Results  provide  a 
basis  for  policy-related  inferences  and  indi- 
cate optimal  strategies  for  program  orienta- 
tion. 

Suppose,  for  example,  our  objective  were 
to  encourage  the  sale  of  forest  products  from 
privately  owned  woodlands  in  Pennsylvania. 
The  behavior  patterns  revealed  by  this  study 
suggest  that  we  should  provide  information 
about  the  management  and  marketing  of 
forest  products  to  more  owners  of  large  wood- 
ed tracts  (50  acres  or  more).  Owners  who 
have  sold  forest  products  and  practiced  some 
form  of  forest  management  on  their  wood- 
lands in  the  recent  past  should  prove  most 
receptive  to  sales  promotion. 


Intent  to  Sell 

Forest  Products  in  Future 

Eighteen  percent  of  the  original  sample  of 
owners  definitely  intend  to  sell  forest  prod- 
ucts in  the  next  5  years  (group  1,  fig.  2).  The 
rest  either  do  not  plan  sales  or  are"'certain 
of  their  selling  plans. 

The  inclination  to  sell  is  greatest  among 
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THE  COURSE  OF  GROWTH  RESPONSE 
IN  RELEASED  WHITE  SPRUCE -- 
10 -Year  Results 


Abstract 

Weekly  bole  measurements  at  4.5  feet  in  height  were  made  on 
individual  codominant  white  spruce  trees  released  on  one,  two, 
three,  and  four  sides,  and  on  untreated  controls. 

Results  showed  that  after  10  years  annual  circumference  growth 
was  still  significantly  related  to  the  degree  of  release.  The  growth 
trend  was  established  the  first  year  but  significant  differences  in 
annual  growth  were  not  evident  until  the  third  year.  The  growth 
rate  reached  a  maximum  during  the  ninth  year.  Trees  with  three 
and  four  sides  released  outgrew  controls  and  trees  with  one  and 
two  sides  released  by  a  2  to  1  ratio. 

Seasonal  growth  usually  started  around  May  10,  peaked  during 
the  second  week  in  June,  and  ceased  around  August  20.  Trees 
released  on  three  or  four  sides  appeared  to  start  growing  earlier 
and  cease  growing  several  days  later  than  the  other  trees.  The 
length  of  the  growing  season  ranged  from   100  to  115  days. 


AMOUNT  OF  RELEASE 
IS  IMPORTANT 

J— I  OW  MUCH  additional  growing  space 
does  a  potential  crop  tree  spruce  need 
to  benefit  from  thinning?  On  how  many  sides 
should  such  a  tree  be  released?  How  soon 
and  for  how  many  years  will  the  effects  of 
release  be  evident?  Questions  like  these  must 
be  answered  before  timber  stands  can  be 
managed  intensively  with  conscious  silvicul- 
tural  treatment.  A  knowledge  of  the  spatial 
requirements  of  the  individual  tree  is  neces- 
sary before  maximum  merchantable  growth 
can  be  obtained  in  overstocked  spruce-fir 
stands. 

Timber-marking  rules  for  uneven-aged 
stands  and  marking  rules  for  intermediate 
cultural  treatments  in  even-aged  stands  are 
not    complete    unless    they    contain    spacing 


recommendations.  And  the  length  of  crop  ro- 
tation cannot  be  reduced  until  crop  trees  are 
groomed  to  merchantable  size  in  fewer  years. 
Therefore  we  undertook  a  study  in  Maine 
to  determine  the  level  of  release  needed  to 
produce  and  maintain  significant  growth  re- 
sponse in  pole-size  white  spruce.  I  concluded 
that  release  on  more  than  two  sides  is  re- 
quired. It  was  also  determined  that  the  num- 
ber of  days  that  a  tree  grows  during  the  grow- 
ing season  is  affected  by  release. 

THE  STUDY 

The  study  was  begun  in  1961  in  a  white 
spruce-balsam  fir  stand  on  the  Penobscot  Ex- 
perimental Forest  located  8  miles  northeast 
of  Bangor,  Maine  (44°  52'  N.;  68°  39'  W.), 
at  an  elevation  of  approximately  100  feet.  The 
topography  is  flat  to  very  gently  sloping.  The 


soils  in  the  one-acre  study  area  vary  from  silt 
loam  to  some  glacial  till.  Drainage  ranges 
from  moderately  good  to  poor.  Precipitation 
during  the  growing  season  usually  totals 
about  12  inches,  and  is  evenly  distributed. 
Mean  temperature  ranges  from  54°F.,  in  May 
to  68"F.  in  July. 

The  trees  are  pole-sized,  even-aged,  and 
became  established  around  1890.  Dominant 
and  codominant  trees  averaged  about  50  feet 
tall  with  an  average  crown  diameter  of  10 
feet.  The  stand  contained  about  190  square 
feet  of  basal  area  in  trees  in  the  intermediate 
and  better  crown  positions.  White  spruce 
[Picea  glauca  (Moench)  Voss]  and  balsam 
fir  {Abies  balsamea  (L.)  Mill.]  were  about 
equally  represented  (fig.  1),  with  a  scattering 
of  associated  species  that  accounted  for  less 
than  10  percent  of  the  basal  area. 


Figure  1. — The  study  area  is  an  even-aged 
stand  of  pole-sized  white  spruce  and  bal- 
sam fir. 


RELEASING  METHOD 

Twenty-five  codominant  white  spruce  trees 
between  5.0  and  6.7  inches  in  diameter  at 
4.5  feet  were  selected  for  study.  Sample  trees 
were  selected  at  random  and  far  enough  apart 
so  that  crown  release  treatments  did  not  in- 
terfere with  each  other.  There  were  five  trees 
in  each  of  five  groups: 


Control 

Crown  released  on 
one  side 


Crown  released  on 
two   sides 


Crown  released  on 
three  sides 


Crown  released  on 
four  sides 


—  no  crown  release. 

—  adjacent   trees 
removed  from 
east   quadrant. 

—  adjacent   trees 

removed  from 
east  and  south 
quadrants. 

—  adjacent    trees 
removed  from  east, 
south,  and  west 
quadrants. 

—  all  adjacent  trees 
removed. 


Each  treatment  consisted  of  removing  ad- 
jacent trees  to  a  distance  approximating  the 
average  crown  diameter  of  the  sample  tree. 
This  distance,  measured  from  crown  to  crown, 
usually  ranged  between  8  feet  and  10  feet. 
In  most  quadrants  only  one  or  two  trees  were 
removed;  in  others,  three  or  more  trees  were 
removed.  Felled  trees  were  bucked,  limbed, 
topped,  and  left  in  place.  There  were  no  other 
activities  on  the  site  for  the  duration  of  the 
study. 

MEASUREMENTS 

Dendrometer  bands'  were  installed  at 
breast  height  (4.5  feet)  on  each  sample  tree 
(fig.  2).  Each  tree  was  assigned  a  number 
and  tagged. 

Dendrometer  readings  were  recorded  to  the 
nearest  1/ 100th  inch  of  circumference.  Ob- 
servations were  taken  weekly  from  before 
diameter  growth  started  in  the  spring  to  late 
summer  or  early  fall,  when  three  successive 
weekly  readings  failed  to  show  any  increase 
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Homemade  dendrometers. 


Figure  2.  —  Dendrometer 
band  in  place  on  a  tree 
with  vernier  scale  being 
positioned   for  a  reading. 


in  circumference.  In  most  years,  measure- 
ments were  taken  from  the  latter  part  of  April 
to  the  early  part  of  October. 

DATA  ANALYSIS 

Circumference  growth  was  charted  for  each 
group  of  trees  for  each  year.  Comparisons 
were  made  by  analysis  of  variance  to  deter- 
mine whether  significant  differences  developed 
(table  1). 


Table    1 . — A^ean    annual    circumference    increase 
by  freatmeni,  1961  through  1970 


Year 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

Mean 

annual 

increase 


Control 

Released  on 

1  Side 

2  Sides 

3  Sides 

4  Sides 

0.158^ 

0.178 

Inches 
0.136 

0.238 

0.212 

.194 

.196 

.168 

.280 

.298 

.220 

.212 

.206 

.190 

.224 

.214 

.202 

.226 

.228 

.170 

.232 

.208 

.234 

.244 

.232 

.246 

.296 

.324 

.326 

.322 

.372 

.274 

.282 

.338 

0.221 


0.241 


0.243 


.368 

.438 

.408 
.420 

.524 
.450 

.374 

.426 

.422 

.482 

.480 

.560 

.622 

.580 

.500 

.440 

0.411 

0.441 

RESULTS  AND  DISCUSSION 

Stand  Development 

Stem  analyses  of  the  two  sample  trees  that 
died  after  the  ninth  year  of  observation  gave 
insight  into  stand  structure,  both  past  and 
present.  Plotted  data  indicate  that  excessive 
numbers  of  trees  were  present  from  the  estab- 
hshment  of  the  stand  (fig.  3).  Overstocking 
is  suggested  by  d.b.h.  and  growth  rings  per 
inch  and  also  by  the  slow  growth  of  the  sec- 
tioned trees: 


Age,  yrs. 

D.b.h.,  inches 

Height,  ft. 

Growth  rings  per  inch 


ears 

to  reach: 

4.5 

ft. 

10.0  ft. 

20.0 

ft. 

30.0 

ft. 

40.0 

ft. 

50.0 

ft. 

Tree  #  1 

87 

7.5 

51.0 

23.2 


20 
30 
43 
60 
71 
85 


Tree  #2 

77 

6.4 

50.9 

24.1 


12 
21 
36 

47 
58 
75 


''Means  not  underscored  by  the  same  line  are  significantly 
different  at  the  5  percent  level. 


Circumference  Growth  Response 

Mean  annual  circumference  growth  for  the 
five  trees  in  each  treatment  group  was  plotted 
by  date  of  reading  for  eacli  growing  season. 
A  sigmoid  curve,  the  characteristic  curve  of 
growth,  resulted  when  the  data  for  all  10 
years  and  all  sample  trees  were  combined.  It 
shows  the  percentage  of  annual  growth  that 
had  occurred  by  various  dates  during  the 
growing  season  (fig.  4). 

Similar  curves  developed  from  data  from 
individual  treatments  failed  to  show  much 
difference.  There  was  an  indication  however, 
that  trees  released  on  three  or  more  sides 
achieved  a  specified  percentage  of  growth  one 
to  three  days  eariier  than  the  control  trees. 

A  difference  in  growth  response  related  to 
the  degree  of  release  was  noticeable  the  first 
year  after  thinning,  continued  during  the 
second  year,  and  became  statistically  signifi- 
cant in  the  third  year.  The  difference  con- 
tinued, except  for  a  shght  disruption  midway 
through  the  study,  probably  caused  by  less 
than  normal  rainfall,  peaked  in  the  ninth 
year,  and  was  still  evident  at  the  termination 
of  observations  after  the  tenth  year  (fig.  5). 

The  controls  and  the  trees  released  on  one 
or  two  sides  grew  only  one-half  as  much  as 


Figure  3. — Height/age  relationships  of  two  white  spruce  trees. 
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Figure  4. — Percentage  of  nnean  annual  circumference 
growth  that  had  occurred  by  various  dates  (All  treat- 
ments and  all  years  combinea). 


100  J" 


I 

MAY 
1 

I 
MAY 

15 

1 
JUN 

1 

1 
JUN 

15 

1 
JUL 

1 

1 
JUL 

15 

1 

AUG 
1 

1 

AUG 
15 

1 

SEP 
1 

1 

SEP 
15 

1 
OCT 

1 

Figure   5. — Mean   annual   circumference   growth   by   treatment. 
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the  trees  released  on  three  or  four  sides  (fig. 
6).  Cumulative  growth  curves  were  developed 
by  summing  the  growth  responses  of  all  trees 
in  each  treatment  group. 

Up  to  the  time  of  thinning,  the  mean  num- 
ber of  annual  growth  rings  per  inch  of  diam- 
eter in  sample  trees  ranged  between  25  and 
30.  During  the  10-year  period  after  thinning, 
the  mean  numbers  of  rings  per  inch  were: 


Mean  number  of 

rings  per  inch 

Controls 

28 

Released  one  side 

26 

Released  two  sides 

26 

Released  three  sides 

15 

Released  four  sides 

14 

The  Distribution  of  Growth 

During  the  10-year  study  period,  the  first 
evidence  of  circumference  growth  appeared 
between  the  first  week  in  May  and  the  first 
week  in  June.  The  most  common  date  was 
around  May  10. 


Growth  was  usually  most  rapid  during  the 
second  week  in  June,  when  it  approached  2 
percent  a  day.  The  seasonal  rate  of  growth 
for  various  periods  is  shown  by  the  slope  of 
the  curve  in  figure  4.  As  the  growth  rate 
accelerates  in  the  spring,  the  slope  becomes 
steeper;  it  remains  relatively  steep  until  mid- 
July;  then  rapidly  flattens  out  in  late  August 
and  September,  when  seasonal  growth  finally 
ceases. 

Growth  was  one-half  completed  by  the 
fourth  week  in  June;  almost  two-thirds  com- 
pleted by  the  fourth  of  July;  and  85  percent 
completed  by  August  1. 

The  controls  and  trees  released  on  one  or 
two  sides  commonly  ceased  growing  around 
August  20,  while  the  trees  released  on  three 
or  four  sides  appeared  to  grow  for  an  addi- 
tional one  to  two  weeks.  The  relatively  free- 
growing  position  of  the  more  fully  released 
trees  may  have  given  them  greater  access  to 
light  and  less  competition  for  available  mois- 
ture, and  thus  extended  their  growing  season. 


Figure  6. — Mean  cumulative  circumference 
growth  by  treatment  for  all  trees,  1961  to 
1970. 
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But  growth  at  the  end  of  the  growing  season 
is  very  slow  and  contributes  an  insignificant 
amount  to  annual  growth. 

The  length  of  the  growing  season,  derived 
from  average  dates  when  growth  began  and 
ended,  ranged  from  about  100  to  115  days. 
The  frost-free  season  is  140  to  145  days. 

CONCLUSIONS 

Ten  years  of  observations  indicate  that 
neglected  white  spruce,  70  to  75  years  old, 
will  respond  to  release.  Clearing  around  in- 
dividual crop  trees  must  be  done  on  at  least 
three  and  preferably  four  sides  for  significant 
benefits.  In  spruce-fir  stands  on  wet  and  steep 
sites,  no  more  than  10  to  20  percent  of  the 
total  volume  should  be  removed  in  a  single 
operation.  On  well  drained  sites,  up  to  50 
percent  can  be  removed.  And  older  stands 
should  not  be  logged  as  heavily  as  younger 
stands.'-'  Excessive  removals  can  result  in  wind 
damage. 

How  many  crop  trees  per  acre  to  release 
will  depend  on  the  management  objectives  of 
the  landowner  or  manager. 

For  a  thinning  to  be  effective,  the  minimum 
distance  between  the  crown  of  a  selected  crop 
tree  and  the  crowns  of  competitors  on  each 
thinned  side  should  be  equal  to  the  crown 
diameter  of  the  tree  being  released.  This  was 
the  spacing  used  in  this  study. 


'■'Westveld,  Marinus.  1953.  Ecology  and  silvi- 
culture OF  SPRUCE-FIR  FORESTS  OF  EASTERN  NORTH 
America.  J.  Forest.  51:422-430. 


THE  FOREST  SERVICE  of  the  U.  S.  Depart- 
ment of  Agriculture  is  dedicated  to  the  principle  of 
multiple  use  management  of  the  Nation's  forest  re- 
sources for  sustained  yields  of  wood,  water,  forage, 
wildlife,  and  recreation.  Through  forestry  research, 
cooperation  with  the  States  and  private  forest 
owners,  and  management  of  the  National  Forests 
and  National  Grasslands,  it  strives  —  as  directed 
by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 
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ABSTRACT 

Soil  moisture,  precipitation,  and  streamflow  were  measured  on 
three  watersheds  in  West  Virginia,  two  deforested  and  one  forested. 
Water  content  of  barren  soil  always  exceeded  that  of  forest  soil 
throughout  the  growing  season  and  especially  in  dry  weather. 
Streamflow  increased  10  inches  annually  on  the  watersheds  that  were 
cleared,  most  of  the  increase  occurring  between  July  and  October. 
Higher  soil  moisture  was  accompanied  by  large  instantaneous  peak 
flows  during  small  storms  in  the  growing  season  but  this  peak  effect 
was  minor  in  large  storms  and  in  all  storms  during  the  dormant 
season.  With  precipitation,  streamflow,  interception  losses,  and 
soil-moisture  change  estimated  to  comparable  levels  of  precision, 
the  water  balance  equation  was  solved  for  transpiration  with  suffici- 
ent sensitivity  to  demonstrate  the  effects  of  tree  leaf  growth.  After 
tree  leaves  were  fully  grown,  calculated  evaporative  losses  from  the 
forested  watershed  somewhat  exceeded  potential  rates  as  long  as 
unmeasured  nmoff  (leakage)  was  disregarded.  With  all  components 
of  the  water  balance  quantified,  including  leakage,  estimated  soil- 
moistiu-e  loss  by  transpiration  was  at  rates  close  to  potential.  Esti- 
mated leakage  seemed  consistent  with  observed  stream  behavior. 
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§  MALL  GAGED  WATERSHEDS  are  fre- 
quently proposed  as  ideal  sites  for  water- 
balance  studies.  Incoming  precipitation  and 
streamflow  may  be  estimated  to  accuracies  of 
±  5  percent  (Hornbeck  1965).  The  difference, 
precipitation  minus  runoff,  is  often  equated  to 
evaporative  loss,  but  this  reasoning  is  valid 
only  if  all  liquid  water  draining  from  the  basin 
is  measured.  Small  watersheds  are  especially 
useful  in  forest  water-balance  studies  because 
they  provide  real-life  tree  growing  conditions 
without  the  confounding  effects  on  tree 
growth  that  plague  lysimetry  (Patric  1961)  or 
the  boundary  problems  inherent  in  plot  stud- 
ies. However,  soil-moisture  variation,  a  key 
factor  in  computing  the  complete  water  bal- 
ance on  small  watersheds,  has  proven  hard  to 
evaluate. 

At  least  three  approaches  have  been  devised 
that  appeared  to  obviate  the  need  to  quantify 
soil-moisture  loss  from  forested  land.  Several 
"bookkeeping"  methods  were  attempted 
(Reinhart  1964).  Earlier  forest  studies 
showed  that  soil  moisture  in  humid  climates 
usually  returns  to  "field  capacity"  during  the 
dormant  season  {Helvey  and  Hewlett  1962), 
prompting  many  to  disregard  soil-moisture 
variation  when  computing  annual  water  bal- 
ances. But  this  approach  is  invalid  in  arid  cli- 
mates, where  dormant-season  precipitation  is 
frequently  insufficient  to  replenish  soil  mois- 
ture lost  during  the  growing-season.  Thorn- 
thwaite's  {1948)  concept  of  potential  evapo- 
transpiration  allows  long-term  estimates  of 
evaporative  loss  to  be  based  almost  entirely 
on  climatic  parameters,  which  are  far  more 
easily  estimated  than  soil-moisture  loss.  Un- 
fortunately, considerable  uncertainty  is  as- 
sociated with  all  three  methods,  particularly 
when  only  short-term  data  are  available  for 
calculating  forest  water  balances. 

The  neutron-moderation  technique  cur- 
rently offers  a  good  approach  to  obtaining 
highly  reproducible  soil-moisture  data  from 
forest  land.  Properly  installed  access  tubes 
minimally  alter  hydrologic  performance  in  the 


surrounding  soil  and  nearby  tree  roots.  The 
measurement  obtained  is  an  integrated  value 
for  water  content  in  about  1  cubic  foot  of  soil. 
There  are,  of  course,  physical  and  economic 
limits  on  the  numbers  of  tubes  that  can  be  in- 
stalled, the  depths  to  which  they  are  inserted, 
and  the  frequency  of  soil-moisture  measure- 
ments. Nevertheless,  the  technique  affords 
easy,  rapid,  accurate,  and  relatively  inexpen- 
sive collection  of  data  on  moisture  variation  in 
forest  soils. 

The  objective  of  my  study  was  to  determine 
deforestation  effects  on  soil  moisture,  stream- 
flow,  and  water  balance. 

STUDY  AREA 
AIMD  METHODS 

The  study  watersheds  are  located  on  the 
Fernow  Experimental  Forest  near  Parsons, 
West  Virginia,  on  mountain  land  ranging  from 
2  to  3  thousand  feet  in  elevation  above  sea 
level.  The  climate  is  perhumid  {Thornthwaite 
1948)  with  an  average  annual  rainfall  of  57 
inches,  more  than  twice  the  22-inch  average 
annual  evaporative  potential  {Patric  and  Gos- 
wami  1968).  Potential  evapotranspiration  for 
periods  between  soil-moisture  readings  was  esti- 
mated by  multiplying  published  pan  evapora- 
tion for  Parsons  {U.  S.  Environmental  Data 
Service  1968  and  1969)  by  the  coefficient  0.78 
developed  by  Troendle  and  Phillips  (1970). 
The  growing  season  is  roughly  May  through 
September,  with  an  average  frost-free  season 
of  145  days.  Tree  leaves  emerge  late  in  April, 
are  fully  grown  by  1  June,  and  begin  to  fall  in 
early  October.  About  95  percent  of  the  tree 
roots  are  found  in  the  upper  3  feet  of  soil.  All 
the  experimental  watersheds  were  completely 
forested  until  1964  with  uneven-aged  stands  of 
hardwood  species;  volumes  ranged  from  7  to 
12  MBF  per  acre. 

Calvin  soils— reddish-brown,  moderately 
deep  upland  inceptisols  weathered  from  sand- 
stone and  acid  red  shale— predominate  on  the 
experimental  watersheds.  They  are  well 
drained,  moderately  permeable,  and  strongly 
acid.  Their  natural  fertility  is  moderate  to 
low.  Their  depth  to  bedrock  averages  32 
inches,  ranging  from  22  to  47  inches.  Subsoil 
texture  ranges  from  loam  to  silty  clay  loam 
with  silt  loam  most  common.  These  soils  have 


been  described  in  detail  by  Losche  and  Bever- 
age (1967). 

Precipitation  on  the  Fernow  Experimental 
Forest  is  sampled  by  14  recording  and  standard 
rain  gages.  Streamflow  from  each  watershed  is 
measured  in  120°  V-notch  weirs.  Streamflow 
data  are  processed  using  the  program  de- 
scribed by  Hibbert  and  Cunningham  (1967). 

The  watershed  treatments  have  been  de- 
scribed in  detail  by  Patric  and  Reinhart 
(1971).  Watersheds  6  (55  acres)  and  7  (58 
acres)  had  been  completely  deforested  by 
1967  and  were  maintained  nearly  barren 
thereafter  by  intensive  use  of  herbicides  (Pa- 
tric and  Campbell  1970).  Careful  logging  left 
the  forest  litter  relatively  intact  on  these 
barren  watersheds,  mineral  soil  was  seldom 
exposed,  and  overland  flow  was  a  negligible 
component  of  stormflow  (Hornbeck  1968). 
Logging  slash  and  the  little  revegetation  not 
killed  by  herbicides  provided  some  ground 
cover  throughout  the  experiment.  Herbicide 
application  ceased  in  August  1969;  and  a 
dense  cover  of  herbs,  grass,  weeds,  tree  sprouts, 
and  seedlings  has  since  revegetated  these 
catchments.  Watershed  4  (95  acres)  remained 
fully  forested  and  served  as  an  untreated  con- 
trol throughout  the  experiment. 

Twenty-five  aluminum  access  tubes  were  in- 
stalled at  random  locations  on  each  experi- 
mental watershed.  A  Troxler^  probe  and 
scaler  provided  data  on  soil  moisture  content 
at  sampling  positions  6  inches  below  the  soil 
surface  and  at  12-inch  intervals  thereafter  to 
depths  as  much  as  8  feet.  The  6-inch  readings 
were  not  corrected  for  soil-air  interface  effects. 
More  than  5,200  soil-moisture  readings  were 
obtained  and  computer  processed,  using  the 
Popham-Ursic  (1968)  program. 

Soil-moisture  readings  were  planned  at  2- 
week  intervals  during  the  growing  season,  but 
weather  and  competing  work  often  forced  de- 
viation from  this  schedule.  A  few  dormant  sea- 
son readings  were  taken  after  prolonged  rain 
to  establish  maximum  soil-water  content. 


^The  use  of  trade,  firm,  or  corporation  names  in 
this  publication  is  for  the  information  and  conven- 
ience of  the  reader.  Such  use  does  not  consititute  an 
official  endorsement  or  approval  by  the  U.S.  Depart- 
ment of  Agriculture  of  any  product  or  service  to  the 
exclusion  of  others  which  may  be  suitable. 


RESULTS 

Deforestation  Effects 
on  Soil  Moisture 

After  the  first  year  of  soil-moisture  meas- 
urement, we  concluded  that  water  content 
below  2  feet  remained  virtually  constant  on 
the  barren  watersheds.  Thereafter,  we  made 
soil-moisture  measurements  in  the  top  2  feet 
of  soil  on  these  watersheds  although  measure- 
ment to  full  access  tube  depth  continued  on 
the  forested  watershed. 

The  greatest  fluctuation  of  water  content 
always  occurred  in  the  top  2  feet.  Soil-water 
content  fluctuated  more  widely  in  forested 
than  in  barren  soils  (table  1),  moisture  in  the 
barren  soils  remaining  within  1  inch  of  the  8- 
inch  field  capacity  observed  by  Troendle 
{1970).  Although  the  total  rainfall  during  the 
1968  growing  season  was  almost  identical  to 
that  of  the  1969  growing  season  (about  26 
inches),  its  distribution  was  different  and  rela- 
tively long  rainless  spells  caused  drier  soils  in 
1968. 

Two  or  sometimes  3  days  were  needed  to 
sample  soil  moisture  in  all  75  access  tubes. 
Each  date  listed  in  table  1  represents,  as 
nearly  as  possible,  the  mid-date  of  the  sam- 
pling period.  Rainfall  presented  a  similar  tab- 


ulation problem.  For  simplicity,  the  precipita- 
tion that  fell  on  watershed  4  was  listed;  the 
rainfall  on  watersheds  6  and  7  varied  little 
from  these  tabulated  amounts. 

The  last  two  values  in  table  1  illustrate  the 
interpretive  problems  that  weather  caused.  A 
last  reading  for  the  growing  season  (9  October 
1969)  was  obtained  during  dry  weather  on 
watersheds  4  and  6,  but  heavy  rain  fell  before 
corresponding  data  were  taken  on  watershed 
7.  The  opposite  occurred  in  the  spring  (13 
May  1970),  when  soil  moisture  on  watershed  7 
was  measured  in  dry  weather  but  heavy  rain 
fell  before  corresponding  data  were  obtained 
on  watersheds  4  and  6.  The  result  is  a  spu- 
rious indication  of  an  over-winter  decrease  of 
soil  moisture  on  watershed  7  while  the  others 
gained  small  amounts  of  water. 

Figure  1  shows  the  range  of  soil  moisture 
during  1968  on  the  three  watersheds.  Data 
were  used  from  the  six  deepest  access  tubes  on 
each  watershed  and  the  highest  reading  for  each 
depth  in  any  tube  was  plotted.  The  minimum 
readings  were  recorded  in  the  same  way;  the 
width  of  the  shaded  band  shows  the  range  be- 
tween observed  maxima  and  minima.  The  mois- 
ture content  of  the  soil  was  highest  during  win- 
ter and  spring,  lowest  between  June  and 
September.  As  the  growing  season  progressed, 


Table    I. — Precipitation  and  water  content  in  the  top  2  feet  of 
soil  on  the  experimental  watersheds,  in  inches 

[Mean  and  standard  deviation 
for  25  access  tubes  on  each  watershed] 


Rain  since 

Soil  water  content 

Date 

previous 

measurement 

Forested 

Barren 

Barren 

(WS4) 

(WS6) 

(WS7) 

1  June  68 

_ 

7.7±0.6 

8.5+0.8 

8.0+0.8 

13  June  68 

0.55 

5.6±0.8 

7.4+0.7 

7.0+0.7 

24  July  68 

3.00 

5.4±0.9 

7.7+0.9 

7.7+0.9 

14  Aug  68 

6.79 

7.2±0.8 

7.9+0.9 

7.9+0.8 

5  Sept  68 

.90 

5.7±0.9 

— 

— 

17  Sept  68 

3.18 

6.8±0.9 

7.7+0.9 

8.0+0.7 

8  Oct  68 

.29 

5.6±0.9 

7.9+0.9 

8.0+0.8 

3  Dec  68 

9.13 

7.7±0.8 

— 

— 

2  May  69 

25.16 

8.0+0.8 

7.5+0.8 

7.9+0.7 

16  May  69 

2.45 

8.0±0.8 

— 

— 

22  May  69 

2.57 

7.4±1.1 

7.2+0.9 

7.6+0.8 

5  Jvuie  69 

.42 

6.7±0.8 

7.1+0.9 

7.1+0.8 

2  July  69 

3.51 

6.7±1.0 

7.4+0.9 

7.5+0.8 

16  July  69 

2.88 

7.5+0.9 

7.4±0.8 

7.6+0.7 

31  July  69 

2.69 

7.1±1.1 

7.6+0.8 

7.6±0.8 

9  Oct  69 

15.11 

7.5±0.7 

7.6+0.8 

8.1+0.8 

13  May  70 

29.33 

7.8+0.9 

7.9+0.8 

6.8+1.0 

Figure     I. — Maximum    variation    in    soil    water    content 
observed  on  the  experimental  watersheds  in   1968. 
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tree  roots  on  the  forested  watershed  took  mois- 
ture from  the  surface  soils,  then  from  deeper 
soils  during  the  periods  of  below-average  rain- 
fall in  June  (2.2  inches)  and  July  (3.8  inches). 
On  barren  soils,  even  the  below-average  rainfall 
was  more  than  enough  to  replace  the  moisture 
lost  by  evaporation.  Although  watershed  6 
seems  to  have  lost  more  moisture  than  water- 
shed 7,  analysis  of  variance  did  not  show  the 
differences  to  be  significant  at  the  .05  level.  A 
similar  comparison  of  the  same  watersheds  in 
1969  showed  a  narrower  range  because  evenly 
distributed  rainfall  replaced  soil-moisture 
losses  sooner. 

There  was  so  much  variation  among  the 
sampling  sites  that  no  consistent  influence  of 
slope  position  (ridge,  mid-slope,  or  channel) 
on  soil-moisture  loss  could  be  shown.  The  ef- 


fects of  slope  on  the  water  content  of  barren 
soil  were  even  smaller  and  less  consistent  than 
on  forest  soil. 

Soil-moisture  sampling  to  1  percent  of  the 
watershed  mean  clearly  exceeded  our  capabil- 
ity (table  2).  However,  25  tubes  provided  pre- 
cision within  5  percent  of  the  watershed  mean; 
it  was  achieved  at  all  depths  in  moist  soil  and 
at  depths  to  4  or  more  feet  in  drier  soils. 
Under  these  conditions,  soil-moisture  data 
were  comparable  in  precision  with  precipita- 
tion and  streamfiow  data  as  measured  on  the 
Fernow  Experimental  Forest. 

Water  contents  for  the  6-,  18-,  and  30-inch 
sampling  depths  at  the  driest  sites  were  ap- 
plied to  moisture-release  curves  (Troendle 
1970),  to  estimate  soil-water  potential.  The 
lowest  potentials  in  1968  developed  at  the  6- 


4 


Table  2. — Number  of  neutron  probe  access  tubes  needed  remnants  of  the  organic  forest  soil  layers  to 
to  sample  watershed  soil  moisture  to  specified  restrict  soil  drying  almost  entirely  to  the  sur- 
levels  of  precision  at  specified  soil  depths  ^^^^  layers 


Soil  depth- 
Cinches) 


Desired  half  width  of  95%  confidence  interval 


Moist  soil' 


Dry  soil'' 


1% 

2.5% 

5% 

1% 

2.5% 

5% 

6 

502 

91 

22 

1,535 

192 

50 

18 

451 

68 

17 

991 

142 

36 

30 

412 

68 

17 

792 

123 

31 

42 

538 

84 

21 

705 

110 

27 

54 

390 

63 

16 

346 

55 

14 

66 

424 

68 

17 

323 

51 

13 

•Highest  soil -moisture  content,  measured  on  May  2,  1969. 
"Lowest  soil-moisture  content,  measured  on  July  2,  1969. 


inch  level  on  forested  watershed  4,  ranging 
from  —12  bars  on  ridges  to  —5  bars  near 
streams.  Water-potential  values  increased 
sharply  with  soil  depth,  never  exceeding  —2 
bars  at  the  30-inch  depth.  This  amount  of 
drying  was  measured  after  4  inches  of  water 
had  been  lost  from  ridgetop  soils;  had  these 
soils  dried  to  a  water  potential  of  —15  bars 
throughout  their  4-foot  depth,  over  6  inches  of 
rain  would  have  been  needed  to  restore  the 
wetness  observed  in  the  springtime.  In  1969, 
when  summer  rainfall  was  more  evenly  distrib- 
uted, soil-water  potential  never  fell  below  — 10 
and  ^0.9  bars  at  the  driest  sampling  sites  in 
ridge  and  channel  soils,  respectively. 

At  the  6-inch  depth  and  below,  water  poten- 
tials never  fell  below  —0.5  bars  on  the  barren 
watersheds.  Nevertheless,  the  top  inch  or  so  of 
soil  became  hot  and  powder-dry  in  summer. 
This  dust  mulch  apparently  combined  with 


DefonesCation  Effects 
on  Str-eamfloNA/ 

During  the  3  years  that  watersheds  6  and  7 
were  kept  barren,  average  annual  streamflow 
was  10  inches  greater  than  it  would  have  been 
had  the  watersheds  remained  fully  forested. 
Most  of  the  increase  was  in  the  growing  season 
(table  3).  A  low  rainfall  trend,  especially  low 
during  the  mid-60's,  continued  through  the 
years  1967-69.  Had  rainfall  been  more  abun- 
dant and  vegetation  control  more  complete, 
growing-season  streamflow  increases  might 
have  been  larger. 

The  increases  in  streamflow  for  each  month 
from  July  through  October  were  significant  at 
the  .05  level,  although  irregular  rainfall  caused 
great  year-to-year  variation  among  these  in- 
creases. But  when  the  monthly  increases  for 
watershed  6  and  7  were  averaged,  using  data 
from  1967  through  1969,  they  seemed  much 
more  closely  related  to  evaporation  than  to 
precipitation  (fig.  2).  There  was,  however, 
about  a  2-month  lag  between  the  rise  and  fall 
of  evaporation  and  the  apparent  response  by 
streamflow. 

Rain  absorbed  into  already  moist  soils  of 
the  barren  watersheds  maintained  the  streams 
from  these  watersheds  at  consistently  higher 
levels  than  had  prevailed  under  the  original 
forest  vegetation.  Figure  3  shows,  by  cumula- 
tive frequency  curves,  the  percentage  of  the 
time  that  the  flow  equalled  or  exceeded  speci- 
fied rates.   Flows  greater  than  5.0  ft^  sec~^ 


Table  3. — Estimates  of  streamflow  increase  on 
barren  watersheds,^  in  inches 


Growing  season 

Dormant  season 

Year 

Watershed 

(May-October) 

( November - 

April) 

Annual 

1967 

6 

8.9* 

0.6 

9.5* 

7 

8.6* 

1.3* 

9.9* 

1968 

6 

7.9* 

2.3* 

10.2* 

7 

7.5* 

2.8* 

10.3* 

1969 

6 

9.0* 

1.5* 

10.5* 

7 

8.6* 

.8 

9.4* 

"Derived  from  regression  on  measured  flow  from  the  forested 
catchment,  based  on  pretreatment  calibration  period. 
*  Significant  at  the  .05  level. 


Figure  2. — Effects  of  deforestation  on 
monthly  streamflow.  Each  plotted  point  is 
the  3-year  average  monthly  value  for  water- 
sheds 6  and  7. 
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mile--  (CFSM)  were  not  significantly  af- 
fected by  deforestation.  Flow  from  the  for- 
ested watershed  was  much  lower  than  that 
from  the  barren  watersheds.  In  fact,  the 
stream  that  drained  the  forested  watershed 
was  dry  during  parts  of  each  summer  from 
1967  through  1969. 

Quickflow  is  one  measure  of  stormflow.  The 
relationship  between  quickflow  and  delayed 
flow  (as  defined  by  Hihhert  and  Cunningham 
1967)  was  probably  about  the  same  on  all 
three  watersheds  when  all  of  them  were  for- 
ested. After  two  of  the  watersheds  were  defor- 
ested, water  yields  from  those  two  increased 
(table  3),  especially  during  the  growing  sea- 
son but  somewhat  during  the  dormant  season, 
too.  Thus,  even  though  the  proportion  of  dor- 
mant season  quickflow  was  unchanged  (table 
4),  absolute  amounts  of  quickflow  must  have 


Figure  3. — Effects  of  deforestation  on  flow 
duration,  hydrologic  year  1969.  Solid  lines 
represent  measured  flow  duration;  dashed 
lines  are  estimated  flow  duration  before 
deforestation,  as  derived  from  regression 
on  measured  flow  duration  from  the  for- 
ested watershed. 
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Table  4. — Flow  separation  by  season  and  vegetative 
cover  (hydrologic  year  1969) 


Forested 

Barren 

Flow 

watershed  (4) 

watershed  (6) 

In. 

Pet. 

In.         Pet. 

Dormant  Season: 

Quick  flow 

3.78 

25 

3.42         25 

Delayed  flow 

11.34 

75 

10.29         75 

Growing  Season: 

Quick  flow 

2.29 

38 

2.96         28 

Delayed  flow 

3.78 

62 

7.63         72 

increased  in  proportion  to  water-yield  in- 
creases. Wetter  soils  on  the  barren  watersheds 
did  produce  a  modestly  increased  volume  of 
quickflow  during  the  growing  season,  while  de- 
layed flow  doubled  in  volume  (table  4).  These 
results,  too,  demonstrate  the  role  of  soil  mois- 
ture in  augmenting  low  flow  without  greatly 
influencing  stormflow.  This  apportionment  of 
quick  and  delayed  flows  also  substantiates  the 
observation  that  overland  flow  is  a  minor  com- 
ponent of  runoff  from  the  barren  surfaces.  In 
fact,  overland  flow  and  soil  erosion  were  un- 
common on  the  barren  watersheds,  occurring 
only  on  and  immediately  below  the  steeper 
roads.  Infiltration  rates  on  the  barren  wat- 
ersheds in  1969  far  exceeded  maximum  rain- 
fall intensity,  varying  only  insignificantly  from 
those  measured  on  the  forested  catchment.- 

Deforestation  had  no  effect  on  instanta- 
neous peak  flows  during  the  dormant  season. 
But  during  the  growing  season,  instantaneous 
peak  flows  were  higher  on  the  barren  water- 
sheds (table  5),  particularly  in  small  storms. 


Table  5. — Instantaneous  peak  flow  comparisons, 
1968  growing  season,  in  CFSM 


Precipitation 
(inches) 


Watershed 


0.85   (small  storm)  0.65  24.30  12.34 

3.64   (largest  storm)  86.53         105.75         112.93 

26.35   (season   total)'  9.91  20.61  19.16 


'Average  peak,  all  storms. 


Peak,  as  used  here,  includes  all  measurable 
streamflow  rises  during  rain  or  snowmelt.  Re- 
gression analysis  confirmed  these  findings,  in- 
dicating a  fourfold  average  increase  in  peak 
flow  for  all  growing  seasons  after  the  water- 
sheds were  deforested. 


Deforestation  Effects 
on  the  Water  Balance 


The  water-balance  equation 

P  -  (RO  +  I  +  T  +  L  ±  AS)  =  0 


(1) 


^From  a  report  by  J.   N.   Kochenderfer  on  file  at 
the  Parsons  Timber  and  Watershed  Laboratory. 


in  which 

P  =  Precipitation 
RO  =  Streamflow 

I  =  Canopy  and  litter  interception  loss 

T  =  Tran.spiration 

L  =  Leakage,  unmeasured  subsurface  flow 
A  S  =  Gain  or  loss  of  soil  moisture 

is  considered  a  suitably  complete  statement  of 
rainfall  disposition  on  the  forested  watershed. 
This  equation  neglects  the  small  and  rela- 
tively constant  losses  of  soil  moisture  by 
direct  evaporation,  photosynthesis,  and  plant 
respiration.  The  water-balance  equation  pro- 
vides a  means  of  estimating  evaporative  losses 
from  rainfall,  streamflow,  and  soil-moisture 
data.  For  this  purpose,  soil-moisture  changes 
to  4  feet  were  computed,  providing  data  com- 
parable in  precision  (±  5  percent)  to  that  on 
rainfall  and  streamflow.  The  4-foot  soil  depth 
used  for  moisture  measurement  is  both  physi- 
cally and  biologically  appropriate;  it  is  about 
the  maximum  depth  of  Calvin  soil  and  con- 
tains most  of  the  forest  tree  roots.  Intercep- 
tion losses  were  estimated  from  rainfall  by  the 
method  of  Helvey  and  Patric  {1965).  Tran- 
spiration was  calculated  by  solving  equation 
(1)  for  T,  with  L  always  regarded  as  0.  If  L 
was  in  fact  greater  than  0,  this  method  of  cal- 
culating T  must  overestimate  transpiration. 
Calculated  evaporative  losses  (I  -f  T)  were 
then  compared  to  estimated  potential  evapo- 
transpiration  (PET)  (table  6). 

PET  is  a  useful  concept  because  it  specifies 
an  upper  limit  of  evaporative  loss  that,  being 
controlled  by  solar  energy,  is  subject  to  little 
annual  variation.  If  we  accept  the  22-inch  esti- 
mate of  Patric  and  Goswami  (1968)  as  a  rea- 
sonable approximation  of  mean  annual  evapo- 
rative loss  from  forest  land  near  Parsons,  then 
the  effect  of  deforestation  on  evaporation  can 
be  deduced.  Annual  streamflow  increases  close 
to  10  inches  were  maintained  during  the  3 
years  watersheds  6  and  7  were  barren  (table 
3).  Transpiration  and  interception  losses 
greatly  decreased  following  deforestation 
while  evaporation  from  land  and  stream  sur- 
faces must  have  increased.  The  net  effect,  10 
inches  more  of  streamflow,  represents  that 
much  less  evaporation  from  the  barren  water- 
sheds. By  this  means,  evaporative  loss  from 


Table  6. — Evaporative  losses  from  the  •forested  watershed,  estimated  by  water  balance 
and  pan  evaporation  for  the  1969  growing  season,  in  inches 


Soil -moisture 

Elapsed 

Water  balance 

!  components 

Evaporation 

measurement 
dates 

days 

P 

RO 

I 

AS 

T 

I+T 

Pan" 

PET 

1  May 

0 



__ 













16  May 

15 

2.44 

1.23 

0.38 

+0.01 

0.82 

1.20 

2.62 

2.04 

22  May 

6 

.12 

.15 

.08 

-0.56 

.45 

.53 

.83 

.65 

5  June 

14 

.40 

.10 

.14 

-1.20 

1.36 

1.50 

2.59 

2.02 

2  July 

27 

3.86 

.08 

.79 

-0.27 

3.26 

4.05 

4.56 

3.56 

16  July 

14 

3.22 

.08 

.59 

+  1.05 

1.50 

2.09 

2.52 

1.97 

31  July 

15 

1.72 

.02 

.50 

-0.46 

1.66 

2.16 

2.55 

1.99 

1  October 

62 

11.87 

1.38 

1.99 

+0.78 

7.72 

9.71 

8.91 

6.85 

Growing  season 

153 

23.63 

3.04 

4.47 

-0.65 

16.77 

21.24 

24.58 

19.08 

•Published  class  A  pan  evaporation  for  the  Parsons  Climatic  Station  (U.S.  Environmental  Data  Serv. 
1969). 


the  barren  watersheds  was  estimated  at  10 
inches  less  than  22,  or  12  inches  annually. 
This  cannot,  of  course,  be  separated  into  in- 
terception, transpiration,  and  direct  evapora- 
tion from  soil  and  water  surfaces. 

The  preceding  assumptions  provide  annual 
values  for  all  components  of  the  water  balance 
except  leakage.  Leakage  was  later  calculated 
as  the  residue  from  precipitation  (table  7). 
But  here,  T  for  the  forested  watershed  was  es- 
timated by  subtracting  annual  interception 
loss  (8  inches)  from  PET  (22  inches). 

Precipitation  minus  streamflow  (P  —  RO), 
sometimes  equated  to  evapotranspiration,  sug- 
gests that  leakage  from  the  barren  watersheds 
has  not  changed  since  the  weirs  were  installed. 
Before  watersheds  6  and  7  were  deforested, 
they  averaged  37.28  and  26.89  inches,  respec- 
tively, in  P  --  RO.  After  deforestation,  the 
values  averaged  24.77  and  13.78  for  these 
watersheds.  Thus,  both  before  and  after  de- 
forestation, P  —  RO  was  about  IQi/^  inches 
greater  on  watershed  6  than  on  watershed  1,  a 


Table  7. — Annual  water  balances  for  the  experi- 
mental watersheds  for  hydrologic  year 
1968,  in  inches 


Table  8. — Effect  of  leaf  development  on 
transpiration,  Spring  1969,  in  inches 


Wp  f  i^r^lipr] 

Water  balance  components 

P 

RO 

I 

T     I+T 

AS 

L 

Forested  (4) 
Barren  (6) 
Barren  (7) 

51 
49 
48 

20 
26 
35 

8 

14       22 

-  12° 

-  12" 

0 
0 
0 

9 
11 

1 

Mean  daily  evaporative 

Stage  of 

loss 

leaf  growth 

Date- 

T 

I+T       PET' 

Up  to  half  grown 

5/16 

0.05 

0.08         0.13 

Growth  continuing 

5/22 

.08 

.09           .11 

Growth  complete 

6/5 

.10 

.11           .14 

Mature 

7/2 

.12 

.15           .13 

•Includes  an  unknown,  probably  large,  amount  of 
evaporation  directly  from  the  barren  soil  surface. 


"Potential  evapotranspiration  estimated  from  evap- 
oration pan  data. 


finding  that  may  be  regarded  as  further  evi- 
dence of  unvarying  leakage. 

Transpiration  estimates  derived  from  water 
balance  (table  6)  seem  to  reflect  leaf  develop- 
ment. Note  that  I  +  T  was  less  than  PET  be- 
fore tree  leaves  were  grown,  i.e.  through  June 
5.  After  leaves  matured  (July  2),  calculated 
evaporative  losses  (I  +  T)  always  exceeded 
PET,  an  effect  probably  caused  by  assuming 
leakage  to  be  zero.  Mean  daily  evaporative 
losses  were  calculated  when  T,  I  +  T,  and 
PET  (as  listed  in  table  6)  were  divided  by 
elapsed  days.  Then  the  effect  of  leaf  growth  on 
soil-moisture  loss  became  clearer,  with  daily 
transpiration  losses  increasing  steadily  as 
leaves  grew  (table  8).  The  inflationary  effect 
of  leakage  on  this  estimate  of  transpiration 
probably  persisted,  although  it  was  apparent 
only  after  the  leaves  had  matured  and  daily 
evaporative  losses  (I  +  T)  averaged  15  per- 
cent above  PET. 


□  ISCUS5IOIM 

The  preceding  results  have  important  impH- 
cations.  Foresters  know  that  increased  soil 
moisture  on  cutover  land  can  improve  the  sur- 
vival and  growth  of  new  stands.  Hydrologists 
know  that  added  moisture  in  soil  means 
higher  water  levels  in  headwater  streams. 
Even  though  measurably  increased  flow  is  not 
expected  in  larger  streams,  conservationists 
should  know  that  scattered  cutting  is  gener- 
ally beneficial  to  forest  water  resources.  These 
benefits  are  not,  however,  uniform  over  time 
and  space.  Douglass  (1967)  cautions  that  (1) 
water  saved  from  evapotranspiration  is  pro- 
portional to  the  severity  of  forest  cutting,  and 
(2)  water  savings  will  not  persist  after  vigor- 
ous regrowth  has  started. 

These  results  also  support  some  older  con- 
cepts of  forest  soil  moisture  and  they  suggest 
a  promising  direction  for  new  study.  They 
show  that  soils  at  Parsons  always  return  to 
near-maximum  water  content  during  dormant 
seasons.  Probably  the  generalization  that  AS 
=  0  is  valid  for  computing  annual  water  bal- 
ances in  any  perhumid  climate.  This  generali- 
zation emphatically  does  not  apply  to  short- 
er-term water  balances  during  the  growing 
season.  The  results  further  suggest  that  the 
concept  of  moisture  loss  rates  remaining  undi- 
minished as  soils  dry  (Veihmeyer  and  Hen- 
drickson  1955)  is  valid  in  humid  climates,  as 
Penman  (1970)  recently  concluded.  Future 
studies  of  the  relationship  between  measured 
soil-water  loss  and  indexes  of  evaporative  po- 
tential could  result  in  more  economical  meth- 
ods of  study.  Soil-moisture  measurement  is 
costly,  even  with  neutron  probes,  and  savings 
will  be  realized  when  forest  water  use  can  be 
estimated  with  confidence  from  the  more  eas- 
ily measured  climatic  parameters. 

The  variable-source-area  concept  (Hewlett 
and  Hibbert  1967)  is  one  of  the  most  impor- 
tant recent  advances  of  thinking  in  forest  hy- 
drology. Source  areas  were  not  identified  in 
this  study  because  the  access  tube  distribution 
used  was  not  sufficiently  sensitive  to  spatial 
variation  in  soil  moisture.  Soil-moisture  meas- 
urement may  never  help  to  identify  source 
areas  of  stormflow,  because  highly  permeable 
forest  soils  are  subject  to  large  and  rapid 
changes  in  water  content  during  storms.  Be- 


tween storms,  however,  soil-moisture  content 
is  relatively  stable,  and  more  frequent  meas- 
urements should  help  to  identify  the  soils  with 
the  highest  water  content  that  are  likely  to 
supply  baseflow  to  streams. 

Long  ago,  deforestation  was  believed  to 
cause  reduced  soil  moisture  and  streamflow 
between  storms,  and  disastrous  flooding  dur- 
ing storms  (Brooks  1910).  This  study  re- 
vealed almost  opposite  effects  of  deforestation, 
confirming  more  modern  observations  (Doug- 
lass 1967).  Why  has  opinion  changed  so  dras- 
tically? 

Infiltration  data  provide  clues,  if  not  the 
full  answer  to  this  question.  Had  the  defor- 
ested soils  been  damaged  by  tillage,  heavy 
grazing,  or  fire,  the  infiltration  rates  would 
have  been  reduced  dramatically.  The  soils  in 
this  study  were  not  hydrologically  damaged 
by  deforestation,  and  infiltration  rates  re- 
mained near  the  high  rates  characteristic  of 
forested  land  long  after  the  trees  were  cut. 
Surface  soils  did  dry  quickly  and  severely 
after  storms,  but  the  dry  surface  protected  the 
underlying  layers  from  evaporation,  and  sub- 
surface soil  moisture  remained  at  near-maxi- 
mum levels.  Hewlett's  (1961)  concept  of  soil 
as  the  source  of  headwater  streams  explains 
the  resultant  increase  in  baseflow. 

Another  reason  that  the  supposed  ill  effects 
of  deforestation  did  not  materialize  was  that 
this  watershed  treatment  was  an  experimental 
and  not  an  economic  undertaking.  It  did  not 
resemble  the  agricultural  practices  on  which 
most  such  ideas  are  based.  No  attempt  was 
made  to  exploit  the  land  after  deforestation. 
Even  though  the  barren  soil  surface  under- 
went some  structural  change,  it  was  far  less 
drastic  than  the  complete  overturn  and  com- 
paction that  accompanies  farming,  and  thus 
overland  flow,  soil  erosion,  and  flooding  did 
not  occur.  We  are  continuing  to  observe  the 
hydrologic  behavior  of  plots  of  deforested  soil 
because  it  seems  only  a  matter  of  time  until 
infiltration  will  be  materially  reduced  and 
overland  flow  and  erosion  will  begin. 

With  other  components  of  the  water  bal- 
ance (precipitation,  streamflow,  interception, 
and  soil-moisture  storage)  quantified  within 
stated  (.05)  limits  of  precision,  the  vahdity  of 
the  leakage  estimate  is  contingent  on  sound 
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evaluation  of  the  transpiration  loss.  The 
method  used  to  evaluate  transpiration  re- 
quires acceptance  of  the  assumption  that  0.78 
times  class  A  pan  evaporation  {Troendle  and 
Phillips  1970)  is  a  reasonable  approximation 
of  potential  evapotranspiration  from  local  for- 
ests. 

The  class  A  pan  has  been  recommended  for 
international  use  as  an  index  of  evaporative  de- 
mand {Anonymous  1965).  Often  considered  a 
reliable  estimator  of  crop  water  use  (Chris- 
tiansen and  Hargreaves  1970),  it  has  been 
used  recently  as  a  check  on  observed  water 
balance  in  forests.  For  example,  with  plentiful 
(Troendle  1970)  and  average  rainfall  (Wag- 
goner and  Turner  1971),  measured  moisture 
loss  from  forest  soil  was  close  to  evaporative 
potential  as  estimated  from  class  A  pan  evapo- 
ration. These  findings  tend  to  confirm  reason- 
ing by  Pa  trie  et  al.  (1965)  that  in  humid  re- 
gions adequate  soil  moisture  to  meet  potential 
demands  is  available  to  most  forest  trees.  But 
after  several  growing  seasons  of  below-normal 
rainfall,  evaporative  loss  from  another  forested 
watershed  averaged  only  68  percent  of  that  pre- 
dicted from  the  class  A  pan  (Mustonen  and 
McGuinness  1968).  Wicht  (1967)  considered 
calculated  evapotranspiration  a  valuable  check 
on  observed  water  balances,  but  Lee  (1970) 
argued  that  empirical  models  provide  inade- 
quate checks.  Nevertheless,  numerous  obser- 
vations of  high  correlations  between  evapora- 
tive losses  from  pans  and  those  from  well-wa- 
tered vegetation  (Tanner  1967)  suggest  that 
the  approach  used  to  quantify  the  transpira- 
tion loss  in  this  study  is  at  least  conceptually 
appropriate. 

Evaporative  losses  from  the  barren  water- 
sheds could  not  be  estimated  on  the  basis  of 
potential  evapotranspiration  because  the  re- 
quired condition  that  living  vegetation  com- 
pletely cover  the  soil  was  not  met.  However, 
wet-weather  evapotranspiration  at  near-poten- 
tial rates  was  expected,  even  without  vegeta- 
tive cover.  Showers  often  wet  the  dark  land 
surface,  leaving  water  freely  available  for 
evaporation.  As  for  dry  weather  evaporative 
loss,  soil-moisture  data  suggest  only  that  it  oc- 
curred at  rates  far  less  than  potential.  A  state- 
ment by  Milthorpe  (1960)  probably  comes  as 
close  as  possible  to  describing  weather  influ- 


ences on  evaporative  losses  from  the  barren 
watersheds:  "The  total  loss  of  water  from  soil 
in  a  season  of  intermittent  rain  and  high  po- 
tential evaporation  is  therefore  independent  of 
the  potential  evaporative  rate  and  mainly  a 
function  of  the  rainfall,  i.e.  the  frequency  of 
rewetting;  on  the  contrary,  in  a  season  of  high 
rainfall  and  low  potential  evaporation,  it  is 
closely  related  to  the  potential  evaporation 
and  is  independent  of  rainfall."  The  net  effect, 
with  rain  occurring  about  one  day  out  of 
three,  was  evapotranspiration  at  rates  materi- 
ally less  than  potential  on  the  barren  water- 
sheds. 

With  all  components  of  the  water  balance 
except  leakage  quantified  as  accurately  as 
technique  permits,  how  realistic  is  the  unmeas- 
urable  residue  assigned  to  leakage?  Simple 
observation  establishes  that  watersheds  4  and 
6  do  leak.  In  dry  weather,  flowing  water  is  vis- 
ible in  stream  channels  above  and  below  the 
concrete  cutoff  walls  while  no  water  passes 
over  the  weir  blades.  The  "live"  channel  is 
about  200  yards  long  on  watershed  6  and  at 
least  five  times  longer  on  watershed  7,  sug- 
gesting that  far  more  pervious  rock  underlies 
the  former.  One  end  of  the  watershed  6  cutoff 
wall  is  known  to  be  seated  in  loose  colluvium; 
dry-weather  measurement  shows  leakage  here 
at  the  rate  of  2  inches  per  year.  Perhaps  the 
wet-weather  leakage  is  greater. 

I  attribute  other  consistent  differences  in 
performance  of  watersheds  6  and  7  to  leakage. 
For  example,  flow  duration  (fig.  3)  was  always 
greater  on  watershed  7.  Before  it  was  cleared, 
the  stream  draining  watershed  6  dried  up  every 
summer.  Watershed  7  dried  up  only  twice  dur- 
ing the  7-year  calibration  period.  No-flow  con- 
ditions persisted  more  than  twice  as  long  on 
watershed  6.  And,  if  P  —  RO  does  in  fact  ap- 
proximate evaporative  losses,  why  should  any- 
one expect  10  inches  more  of  water  to  evaporate 
consistently  from  watershed  6?  Watersheds  6 
and  7  are  so  similar  in  all  other  respects  that 
leakage  seems  the  logical  answer. 

Although  leakage  has  never  been  measured 
directly,  its  role  in  streamflow  is  well  known. 
A  case  of  extreme  variation  in  runoff  with 
small  differences  in  climate  occurred  in  Vir- 
ginia (Burford  and  Lillard  1966).  There,  52 
percent  of  rainfall  drained  off  one  watershed 
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and  only  21  percent  from  another  nearby.  The 
authors  attribute  these  differences  in  runoff  to 
the  soil,  parent  material,  and  basic  geological 
characteristics  of  each  basin.  Inadequacies  of 
the  gravimetric  soil-moisture-sampling  method 
may  have  led  Rowe  and  Colman  (1951)  to 
underestimate  evaporative  losses  when  they 
assigned  about  half  the  annual  rainfall  to  leak- 
age. Dagg  and  Blackie  (1965)  suspected  leak- 
age when  soil-moisture  sampling  by  electrical 
resistance  revealed  cumulative  differences  be- 
tween measured  and  predicted  evaporative 
losses.  Although  this  is  by  no  means  a  com- 
plete survey,  these  experiences  show  that  leak- 
age, endemic  to  small  watersheds  (Hewlett  et 
al.  1969),  greatly  concerns  hydrologists  and 
must  not  be  neglected  because  of  the  inescap- 
able measurement  difficulties. 

Better  progress  is  being  made  toward  un- 
derstanding the  components  of  the  water  bal- 
ance and  how  they  relate  to  each  other.  Abbe 
(1902)  once  complained  that  evaporative  loss 
in  nature  "is  so  mixed  up  with  seepage,  leak- 


age, and  consumption  ...  by  plants  that  our 
metrological  data  are  of  comparatively  little 
importance."  A  more  recent  commentary  on 
small  watershed  research  (Slivitzsky  and  Hea- 
dier 1964)  expressed  concern  about  "igno- 
rance of  the  precise  cause  and  effects  of  the 
different  components  of  the  hydrologic  cycle." 
Hewlett  et  al.  (1969)  felt  that  older  studies 
did  merit  such  criticism,  but  that  it  is  less  jus- 
tified in  modern  watershed  research  where 
"mechanisms  of  water  loss,  storage,  and  deliv- 
ery are  now  studied  .  . .  with  all  the  trappings 
of  modern  science."  Ward  (1971)  went  even 
further:  "if  the  water  balance  equation  . .  .  can 
be  solved,  then  it  is  likely  that  the  measure- 
ments or  estimations  of  the  individual  compo- 
nents of  that  balance  are  satisfactory."  This 
study,  at  least,  was  not  one  of  the  many  at- 
tempts to  solve  the  water-balance  equation 
while  ignoring  leakage  "in  the  quiet  hope  that 
it  is  in  fact  zero"  (Penman  1963).  Perhaps 
that  fact  represents  some  progress. 
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Nature  and  Properties  of  Some  Forest  Soils 
in  the  iVhite  Mountains  of  Neiv  Hampshire 


Abstract 

Forested,  podzol  soils  in  the  White  Mountains  of  New  Hampshire 
have  developed  in  granitic,  glacial  material.  They  are  coarse  tex- 
tured, acidic,  and  infertile.  As  a  result  of  the  latter  condition,  these 
soils  can  sustain  a  forest,  but  that  forest  is  not  healthy  and  vigorous. 


INTRODUCTION 

Not  much  information  is  available  on  the 
nature  and  properties  of  forest  soils  in  the 
White  Mountains.  The  need  for  soils  informa- 
tion is  increasing  because  the  mountains  are 
being  used  more  intensively  for  outdoor  rec- 
reation, while  the  forest  continues  as  an 
important  source  of  water,  wood  products, 
and  wildlife.  Management  of  the  forest  for 
natural  products  and  an  aesthetically  pleas- 
ing environment  will  be  successful  to  the 
degree  that  we  understand  the  capabilities  of 
the  forest  soil.  Soil,  climate,  and  the  acts  of 
men  are  the  main  determinants  of  the  forest 
ecosystem.  We  cannot  alter  the  climate,  but 
the  acts  of  men  can  be  governed  and  the  soils 
can  be  managed.  The  information  given  in 
this  paper  contributes  to  our  further  under- 
standing of  some  selected  forest  soils  that 
occur  widely  throughout  the  White  Moun- 
tains. 


METHODS 
AND  MATERIALS 


Soil  Descriptions 


Soil  descriptions  (see  Appendix)  were  pre- 
pared by  soil  scientists  from  the  Soil  Con- 
servation Service.'  Nomenclature  follows  that 
given  in  the  Soil  Survey  Manual  of  the  USDA 
Bureau  of  Plant  Industry,  Soils,  and  Agricul- 
tural Engineering  (1951). 


Sample  Collection 
and  Preparation 


All  soil  samples  were  collected  on  the  Bart- 
lett  Experimental  Forest  in  Bartlett,  New 
Hampshire.  (See  map  in  Appendix  for  exact 
location.)  One-foot  squares  of  the  forest  floor 
were  cut  out  and  separated  into  L  (litter), 
F  (fermented),  and  H  (humus)  layers.  The 
depths  of  these  layers  were  estimated  by  tak- 
ing the  mean  of  numerous  measurements 
around  the  walls  of  the  square-foot  section. 
Volumes  were  then  calculated  for  each  layer. 
Six  60-ml.  core  samples  were  taken  for  each 
mineral  horizon. 

All  samples  were  air-dried.  Then  the  or- 
ganic samples  were  ground,  and  the  mineral 
samples  were  each  separated  by  sieving  into 
a  greater-than-2  mm.  fraction  and  a  less-than- 
2  mm.  fraction.  Since  all  analyses  were  made 
on  the  air-dried,  less-than-2  mm.  fractions, 
corrections  were  applied  later  to  produce 
values  for  the  coarse  material  and  the  oven- 
dry  condition. 


Soil  Analyses 


Soil  moisture  content  at  0.06  atm.  was 
measured  with  a  mercury  manometer  in  the 
Buechner  funnel  method  of  Wilde  and  Voigt 
(1955).  Soil  pH  was  determined  with  a  glass 
electrode  in  a  soil  paste.  Textural  analyses 


iThe  author  gratefully  acknowledges  the  assist- 
ance of  Sidney  Pilgrim  and  Frank  Viera  (SCS,  Dur- 
ham, N.  H.),  and  Robert  Reiske  (BLM,  Washing- 
ton, D.C.) 


were  made  with  a  Bouyoucus  hydrometer. 
And  organic  matter  was  estimated  by  loss  on 
ignition. 

Exchangeable  sodium,  potassium,  magnes- 
ium, and  calcium  were  extracted  with  neutral, 
N  NH^OAc  and  measured  by  flame  photom- 
etry. Exchangeable  hydrogen  and  aluminum 
were  extracted  with  N  KCl  and  estimated  by 
titration  to  pH  4  and  pH  8.3,  respectively 
(Coleman,  Weed,  and  McCracken  1955). 

RESULTS 
AND  DISCUSSION 

Forest  Confiposition 

Forests  in  the  area  around  the  soil  pits 
described  in  this  paper  are  primarily  hard- 
wood with  a  softwood  component  of  from 
0  to  20  percent  (table  1).  The  forest  around 
soil  No.  15  is  mainly  softwood.  The  dominant 
trees  on  all  plots  are  between  60  and  100 
years  old,  between  60  and  80  feet  tall,  and 
average  only  about  0.1  inch  per  year  in  diam- 
eter growth. 


Table  1. — Composition  of  forests  in  plots  where  soils 
were  examined  (trees  6  inches  d.b.h.   and  greater) 


Soil 

No. 


Hardwoods^ 


Softwoods" 


Percent 

Percent 

1 

91 

9 

3 

97 

3 

4 

80 

20 

11 

85 

15 

15 

31 

69 

17 

100 

0 

''Primary  species:   beech,  red  maple,  sugar  maple, 
j'ellow  birch,  paper  birch,  white  ash. 

"Primary  species:   red  spruce,  balsam  fir,  hemlock. 


Forest  Floor 

The  forest  floor  on  all  soils  is  typically  mor, 
with  its  three  layers  of  L  (litter),  F  (fer- 
mented), and  H  (humus).  Under  the  predom- 
inantly hardwood  forests  the  H  layer  is  thin 
(1/^  to  3  inches),  but  under  the  predom- 
inantly  softwood   forest   the   H   layer   is    13 


inches  thick.  This  large  difference  in  the 
depth  of  the  H  layer  is  a  result  of  the  differ- 
ence between  the  microclimate  under  hard- 
woods and  that  under  softwoods.  The  forest 
floor  is  warmer  and  drier  under  hardwood 
forest  than  under  softwoods,  conditions  that 
generally  favor  breakdown  of  organic  detritus 
over  accumulation.  As  a  consequence,  the 
available  nitrogen,  for  tree  growth,  is  gener- 
ally higher  in  the  forest  floor  of  hardwood 
stands. 

Mineral  Soil 

All  soils  developed  in  glacial  till  or  glacial 
outwash  laid  down  during  the  Wisconsin  age. 
Rocks  are  abundant,  both  in  the  soil  and 
scattered  over  the  surface.  The  rocks  are 
granitic     and     contain     orthoclase     feldspar. 


quartz,  muscovite  mica,  biotite  mica,  and 
small  amounts  of  other  minerals.  Chemically, 
these  minerals  contain  potassium  aluminosili- 
cate,  silica,  potassium  aluminosilicate  with 
hydroxyl  group,  and  potassium  (ferromag- 
nesium)  aluminosilicate  with  hydroxyl  group, 
respectively.  These  minerals  weather  slowly 
and  have  produced  coarse-textured  sandy 
soils  of  low  fertility.  The  clays  are  probably 
kaolinitic.  There  is  little  development  of 
structure  in  the  soils.  Most  soils  are  classified 
as  weak,  fine  granular.  In  the  Becket  soil 
(no.  17)  and  the  poorly  drained  soil  (no.  11), 
pans  are  present.  This  massive  structure 
causes  lateral  flow  of  water  through  the  soil. 
In  the  well-drained  soils,  there  is  a  strong 
profile  development  (fig.  1)  that  is  typical  of 
podzols.  However,  some  of  the  soils  have  been 
repeatedly  disturbed  by  windthrow  (e.g.,  soil 
no.   1)   so  horizons  have  been  mixed  and/or 


Figure  1. — A  well-developed  podzol  profile  showing  the 
characteristic  gray,  leached  horizon  (A2)  above  the  red- 
dish-brown horizon  (B2)  of  Fe  and  Al  accumulation.  The 
upper  black  layer  is  connposed  of  decayed  orqcnlc 
matter. 


buried.  As  a  result,  the  colors  are  not  of  their 
usual  intensity  and  the  horizons  show  an  un- 
usual sequence.  In  general,  though,  the  dis- 
tinct ashy  gray  A2  and  the  reddish-orange  B2 
horizons  are  quite  distinct.  In  many  soils, 
iron  has  accumulated  in  the  B2  to  a  consid- 
erable degree  and  some  ortstein  (iron  pan)  is 
present. 

In  poorly  drained  soils,  olive  gray  to  mot- 
tled gray  colors  of  the  gley  layers  are  found. 


These  horizons  develop  as  a  result  of  reduc- 
ing conditions  when  water  drainage  is  im- 
peded and  oxygen  content  is  very  low. 


Physical  Properties 
(Tables  2  and  3) 


Bulk  density  varies  greatly,  from  a  low  of 
0.1  g/cc.  in  humus  to  a  high  of  nearly  1.7 
g/cc.  in  the  C  horizons.  The  general  trend  is 


Table  2. — Physical  properties  of  soils 


Bulk 

Textural  analyses 

Sand  separates 

Horizon 

density 

S 

Si 

C 

VCS 

CS 

MS 

FS 

VFS 

g./cc. 

Percent 

Soil  No.  1 

Berkshire 

H 

0.27 

— 

— 

— 

— 

— 

— 

— 

— 

A2 

1.16 

50.9 

27.2 

2.3 

13.5 

16.7 

11.1 

32.3 

26.5 

B21h 

.78 

63.8 

23.8 

.4 

7.9 

18.5 

15.4 

34.2 

24.1 

B21ir 

.87 

54.8 

23.8 

.3 

12.0 

17.8 

13.1 

33.7 

23.3 

B22 

1.32 

62.9 

30.0 

.8 

14.4 

14.4 

10.9 

33.5 

26.8 

A2b 

1.34 

46.6 

34.9 

1.0 

11.9 

11.3 

9.4 

34.6 

32.8 

B21b,   B22b 

1.31 

53.6 

18.7 

3.4 

14.9 

14.8 

12.5 

33.2 

24.6 

B3b 

1.46 

57.6 

16.9 

1.8 

1.9 

19.4 

11.8 

29.2 

20.5 

CI,   C2 

1.49 

56.7 

28.6 

1.8 

9.2 

9.5 

9.2 

35.1 

37.0 

Soil  No.  3 

Acton 

H 

.30 

















A2 

1.32 

45.7 

40.0 

2.5 

8.8 

9.7 

7.8 

31.8 

41.9 

B21h,  B22ir 

.98 

62.7 

20.5 

.7 

13.9 

13.9 

17.1 

32.1 

23.0 

B23,  B24 

1.32 

54.2 

20.7 

0 

18.9 

17.9 

13.2 

27.6 

20.2 

B3,    C 

1.50 

53.8 

20.9 

.9 

13.3 

14.5 

13.3 

35.3 

24.1 

Soil  No.  4 

Berkshire 

H 

.27 

— 

— 

— 

— 

— 

— 

— 

— 

A2 

1.20 

52.0 

40.3 

2.3 

5.9 

11.3 

11.7 

37.3 

33.7 

B21h 

.97 

64.8 

16.0 

.6 

15.5 

24.8 

15.4 

27.9 

16.4 

B22ir 

1.11 

60.2 

17.9 

0 

15.4 

18.0 

14.9 

31.5 

20.2 

B23,   B24 

1.37 

56.4 

19.2 

0 

13.3 

14.5 

13.3 

35.3 

24.1 

B3 

1.34 

60.1 

27.4 

.4 

9.8 

13.7 

11.2 

36.2 

29.0 

CI 

1.66 

55.4 

31.4 

0 

10.1 

12.6 

10.8 

36.0 

30.5 

Soil  No.  11 

Undetermined 

series 

H 

.08 

— 

— 

— 











Al 

.43 

77.8 

14.2 

2.7 

21.0 

22.5 

11.6 

41.0 

3.8 

A2g 

1.61 

62.6 

21.3 

4.2 

12.5 

17.6 

17.6 

34.0 

18.4 

Cgl 

1.65 

62.6 

17.4 

3.4 

17.1 

18.8 

15.8 

32.8 

15.5 

Soil  No.  15 

Croghan 

H 

.06 

— 

— 

— 











A2 

1.11 

78.5 

20.8 

0 

3.3 

10.9 

20.1 

54.7 

14.3 

B21h 

.93 

85.4 

10.4 

.8 

4.3 

15.0 

21.5 

43.4 

8.9 

B22ir 

1.21 

88.4 

4.3 

1.6 

14.7 

31.9 

35.3 

27.0 

1.4 

B23ir 

1.37 

89.0 

2.0 

2.7 

3.8 

12.6 

29.0 

51.2 

4.9 

B24 

1.43 

90.2 

1.9 

4.3 

14.6 

30.5 

23.0 

27.5 

5.2 

B3 

1.34 

74.8 

24.9 

0 

1.6 

6.3 

14.3 

45.0 

27.8 

CI.    C2 

1.31 

74.2 

17.7 

.8 

16.1 

23.4 

18.1 

29.5 

12.8 

Soil  No.  17 

Becket 

H 

.24 

— 

— 

— 







— 



B2ir 

.95 

54.0 

26.0 

0 

15.0 

18.4 

14.7 

31.4 

20.4 

B&A 

1.36 

46.5 

13.6 

1.0 

19.4 

18.0 

14.1 

29.8 

18.7 

Clx,   C2 

1.43 

57.5 

22.6 

.3 

16.1 

17.3 

12.0 

32.0 

22.7 

Table    3.- 

—Volumes    of    air 

and    wafer 

in    various 

horizons 

of     representafive 

podzol    so, 

lis     on     the 

Bartlett  Experimenfal  Foresf 

Pore 

Water 

Air 

"°"^°"          volume 

volume 

volume 

Percent 

Percent 

Percent 

Soil  No. 

21  Herman 

(well  drained) 

H 

95.9 

45.2 

50.7 

A2 

63.4 

46.0 

17.4 

B22h 

72.8 

43.3 

29.5 

B23 

63.7 

38.3 

25.6 

B3 

54.7 

28.3 

26.4 

C 

46.1 

25.0 

21.1 

Soil  No. 

22  Herman 

(well  drained) 

H 

89.6 

18.2 

71.9 

H-A2 

65.3 

32.1 

33.2 

B22 

64.5 

35.0 

29.5 

B23 

51.0 

27.9 

23.1 

B3 

52.8 

27.3 

25.5 

B3C 

47.8 

12.0 

35.8 

Soil  No. 

23  Waumbek 

(moderately  well  drained) 

H 

83.4 

36.9 

46.5 

A2 

51.3 

32.4 

18.9 

B2h 

62.4 

28.9 

33.5 

B22 

51.0 

32.4 

18.6 

B23 

42.3 

9.2 

33.1 

B3g 

46.1 

25.6 

20.5 

Soil  No. 

24  Whitman 

(poorly 

drained) 

H 

91.7 

23.8 

67.9 

A 

66.8 

36.6 

30.2 

G 

(massive,  could  not  take  core  sample) 

for  bulk  density  to  increase  with  greater 
depth,  but  this  trend  is  altered  in  B2  hori- 
zons where  organic  matter  accumulates 
(table  5). 

The  soil  horizons  are  all  coarse-textured, 
and  may  contain  as  much  as  90  percent  sand, 
but  sand  content  usually  ranges  between  50 


and  70  percent.  Fifty  to  sixty  percent  of  the 
sand  is  composed  of  fine  and  very  fine  frac- 
tions, and  the  remaining  40  to  50  percent  is 
about  equally  divided  among  the  very  coarse, 
coarse,  and  medium  sand  fractions.  Clay  con- 
tent is  very  low,  and  varies  from  0  to  only 
4.3  percent. 

As  a  consequence  of  this  coarse  texture,  the 
glacial  soils  are  quite  porous  (table  3),  except 
where  iron  pan  develops  in  B2  horizons  or 
silt  pans  form  in  the  lower  B  or  C  horizons 
(e.g.,  in  a  Becket  soil).  Total  porosity  varies 
from  40  to  70  percent  in  the  mineral  horizons 
and  is  estimated  at  80  to  90  percent  in  humus 
layers  of  the  forest  floor.  At  field  capacity 
(water  retained  against  a  tension  of  0.06 
atm.),  the  pores  are  occupied  by  water  and 
air  about  equally,  but  in  some  horizons  there 
is  a  considerable  departure  from  this  general- 
ization. Very  often  the  A2  horizons  will  show 
some  resemblance  to  a  platy  structure  and 
the  air  volume  at  field  capacity  may  be  down 
to  17  percent  (e.g.,  soil  nos.  21  and  23,  table 
3).  An  air  volume  of  15  percent  is  thought  to 
be  the  limit  for  good  root  development.  How- 
ever, since  the  pore  volume  occupied  by  water 
is  constantly  changing,  the  air  volume  must 
change  also. 

In  terms  of  water-holding  capacity,  these 
water  volume  percentages  translate  into  10 
to  15  inches  of  total  water  for  a  30-inch  depth 
of  typical  glacial  soil  in  the  White  Mountains. 
The  high  porosity  of  these  soils  also  indicates 
that  percolation  rates  are  high.  In  areas  where 
these  highly  porous  soils  are  underlain  by 
hardpan,  landslides  are  quite  common  ( fig.  2 ) . 


Figure  2. — A  recent  landslide  in  Franconia  Notch.  Deciduous  trees 
colonize  these  new  slide  areas  and  conifers  follow  much  later.  The  sites 
of  older  landslides  are  marked  by  deciduous  trees  in  the  photograph. 
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Chemical  Properties 
(Tables  4  and  S) 


All  of  the  soils  are  very  acidic  (table  4). 
Surface  horizons  vary  from  pH  3  to  4  and 
subsoil  horizons  vary  between  pH  4  and  5.5. 
Humus  horizons  are  extremely  acid  and  may 
go  below  pH  3   (e.g.,  soil  no.  15,  table  4). 

Contrary  to  general  belief,  it  is  the  large 
quantity  of  exchangeable  aluminum  (Al), 
and  not  hydrogen  (H),  that  is  the  primary 
cause  of  high  acidity  throughout  the  profile  of 
these  soils  (tables  5  and  6).  Exchangeable  H 
is  found  only  in  the  humus  and  A2  layers  of 
soils  with  good  drainage,  and  is  not  detected 
in  poorly  drained  soils  (tables  5  and  6).  Con- 
sequently, H  contributes  only  in  part  to 
acidity  in  the  surface  soil  and  not  at  all  to 
acidity  in  the  subsoil. 

The  quantity  of  exchangeable  cations  (i.e., 
NA%  K\  Mg"%  Ca+%  Al*^)  in  these  podzol 
soils  is  a  reflection  of  the  mineralogy  of  the 
parent  rock,  the  low  base  exchange  capacity, 
the  severity  of  leaching  by  rainwater,  and  the 
annual  deposition  of  leaves  on  the  forest  floor. 

Potassium  and  Al  are  weathered  from  or- 
thoclase  feldspar  (the  predominant  constitu- 
ent of  granite);  Na,  Ca,  and  Mg  come  from 
the  white  and  black  micas,  and  small  amounts 
of  other  dark  minerals.  The  total  quantity  of 
these  nutrient-supplying  minerals  is  small. 
The  base  exchange  capacity  (i.e.,  the  sum  of 
all  exchangeable  cations  that  can  be  ad- 
sorbed) of  the  mineral  soil  is  also  small  be- 
cause clay  content  is  low.  In  addition,  these 
mountain  soils  receive  about  4  inches  per 
month  of  rainfall  so  the  cations  in  soluble 
phase  are  leached  rather  severely  from  the 
well-drained  soils  (e.g.,  nos.  1,  3,  15,  and  21). 
Leaching  of  cations  is  somewhat  retarded  in 
soils  with  hardpan  (no.  17)  or  soils  with  gley 
layers  (soil  nos.  11  and  24),  so  their  quanti- 
ties of  exchangeable  cations  are  higher. 

The  annual  leaf  fall  in  autumn  counteracts 
this  leaching  effect,  and  the  decomposition  of 
leaves  produces  a  higher  cation  content  in 
the  surface  horizons  than  in  the  subsurface 
horizons.  This  phenomenon  is  known  as  nu- 
trient cycling. 

Calcium  content  is  higher  than  that  of  the 
other  elements  in  decomposing  leaves  because 


of  the  pecuUarities  of  tree  metabolism.  Cal- 
cium not  only  accumulates  in  the  foliage  in 
greater  quantities  than  Na,  K,  or  Mg,  but  Ca 
is  not  translocated  out  of  the  foliage  just  be- 
fore leaf  fall  as  are  large  portions  of  the  other 
elements.  Aluminum,  on  the  contrary,  accu- 
mulates in  tree  roots  and  very  little  is  car- 
ried into  the  leaves.  Consequently,  there  is 
much  less  enrichment  of  Al  in  'he  soil  surface 
than  there  would  be  if  the  metabolism  of  Al 
were  the  same  as  that  of  Ca. 

In  general,  exchangeable  Al  in  the  soil  is 
highest  in  the  upper  B  horizons  (soil  no.  15, 
table  5,  is  a  good  example)  where  it  accumu- 
lates, along  with  Fe,  as  a  consequence  of  the 
normal  podzolization  process  of  soil  weather- 
ing. 

Before  we  leave  the  discussion  of  exchange- 
able cations,  let  me  explain  why  two  different 
units  are  used  to  express  these  quantities. 

Historically,  milliequivalents  (meq.)  per 
100  grams  of  soil  have  been  widely  used  in 
soil  science  to  quantify  exchangeable  cations. 
These  units  have  proved  quite  satisfactory  in 
reference  to  the  plow  layer  of  agricultural 
soils  because  cultivation  tends  to  produce  a 
uniform  bulk  density  across  a  wide  range  of 
soil  types.  Hence  when  milliequivalents  for  a 
plow  layer  are  expressed  on  an  equal  weight 
basis  (i.e.,  per  100  g.)  it  is  usually  true  that 
the  volumes  of  soil  are  equal  also.  But  in  forest 
soils  there  is  no  single  homogeneous  layer 
that  can  be  examined  to  evaluate  soil  fertility. 
Tree  roots  develop  in  a  number  of  horizons 
that  differ  widely  in  bulk  density.  There  is  a 
considerable  difference  in  volume  between  100 
g.  of  humus  and  100  g.  of  A2  horizon  soil 
(table  2). 

Therefore  meq./lOO  g.  soil  does  not  provide 
a  legitimate  basis  for  comparing  exchangeable 
cations'  between  horizons  or  between  soils. 
By  using  bulk  density,  one  can  convert  meq./ 
100  g.  of  soil  to  meq/liter  of  soil  and  obtain 
an  equal  basis  for  comparison  that  is  perti- 
nent to  a  forest  soil  in  its  native  state.  For 
example,  in  table  4  it  appears  that  there  is 


-Exchangeable  cations  make  up  a  major  fraction 
of  each  nutrient  element  in  soil  that  is  available  to 
a  plant,  and  their  concentration  often  correlates 
well  with  tree  growth. 


Table  4. — So/7  Chemical  properties  (weight  basis) 


f~\     ■»    M 

Exchangeable  cations 

Horizon 

O.M. 

Na 

K 

Ca 

Mg 

Al 

H 

PH 

Percent 

meq 

./WO  g. 

soil 

Soil  No.  1 

Berkshire 

H 

62.0 

0.60 

1.35 

7.26 

0.70 

4.33 

2.98 

3.2 

A2 

2.3 

.03 

.08 

.29 

0 

2.22 

.24 

3.8 

B21h 

15.7 

.03 

.12 

.06 

.05 

5.46 

.20 

4.2 

B21ir 

9.7 

.06 

.06 

.10 

.03 

— 

— 

4.7 

B22 

3.2 

.03 

.02 

.09 

0 

— 

— 

4.9 

A2b 

1.9 

.03 

.02 

.09 

0 

— 

— 

4.8 

32 lb,    B22b 

2.6 

.03 

.01 

.08 

0 

— 

— 

4.8 

B3b 

1.5 

.02 

.02 

.05 

0 

— 

— 

5.1 

CI,    C2 

.8 

.02 

.01 

.03 

0 

— 

— 

5.0 

Soil  No.  3 

Acton 

H 

48.6 

.40 

.95 

7.21 

1.02 

3.31 

1.63 

3.4 

A2 

.6 

.03 

.04 

.18 

0 

1.19 

.11 

4.0 

B21h,   B22ir 

1.5 

.03 

.04 

.36 

0 

— 

— 

5.0 

B23,    B24 

1.3 

.03 

.02 

.03 

0 

.44 

0 

5.1 

B3,    C 

.4 

.01 

.01 

.03 

0 

.17 

0 

5.2 

Soil  No.  4 

Berkshire 

H 

46.8 

.49 

1.22 

2.13 

.31 

6.17 

4.52 

3.1 

A2 

2.4 

.03 

.06 

.12 

.05 

1.68 

.55 

3.4 

B21h 

19.6 

.03 

.07 

.02 

0 

— 

— 

3.9 

B22ir 

9.2 

.03 

.02 

.04 

0 

.96 

0 

4.8 

B23,    B24 

2.3 

.02 

.01 

.06 

0 

.41 

0 

4.9 

B3 

2.5 

.03 

.01 

.04 

0 

.41 

0 

4.8 

CI 

1.3 

.03 

0 

.03 

0 

.37 

0 

4.9 

Soil  No.  11 

Undetermined  series 

H 

25.6 

.58 

1.26 

9.91 

136 

2.16 

0 

4.5 

Al 

21.4 

.02 

.34 

4.61 

.50 

1.12 

0 

5.0 

A2g 

1.2 

.03 

.04 

.35 

0 

.78 

0 

5.2 

Cgl 

.8 

.03 

.05 

.26 

0 

.50 

0 

5.1 

Soil  No.  15 

Croghan 

H 

96.0 

.70 

2.43 

6.86 

4.15 

6.30 

11.17 

2.4 

A2 

1.6 

.03 

.44 

.17 

0 

1.86 

.37 

3.6 

B21h 

10.7 

.03 

.08 

.10 

0 

7.16 

.97 

3.8 

B22ir 

10.3 

.03 

.02 

.09 

0 

2.69 

0 

4.3 

B23ir 

4.4 

.02 

.01 

.10 

0 

.50 

0 

4.6 

B24 

.9 

.02 

.01 

.11 

0 

.16 

0 

4.5 

B3 

1.0 

.03 

.01 

.10 

0 

.15 

0 

5.0 

01,  C2 

.5 

.02 

.01 

.09 

0 

.22 

0 

4.8 

Soil  No.  17 

Becket 

H 

21.0 

.47 

.77 

4.36 

.56 

1.38 

0 

3.9 

B2ir 

6.0 

.02 

.07 

.23 

.05 

1.88 

0 

4.4 

B&A 

1.5 

.09 

.04 

.29 

0 

.44 

0 

5.1 

Clx,   C2 

.7 

.11 

.04 

.21 

— 

.38 

0 

5.5 

( — )   Not  analyzed. 


Table   5. — Soil   chemical  properfies   (volume   basis) 


Exchangeable  cations 

Horizon 

O.M. 

Na 

K 

Ca 

Mg 

Al 

H 

g. /liter 

meq.. 

/liter  soil 

Soil  No.  1 

Berkshire 

H 

167.3 

1.62 

3.66 

19.59 

1.89 

11.69 

8.05 

A2 

27.2 

.35 

.94 

3.38 

0 

25.82 

2.73 

B21h 

122.9 

.26 

.93 

.43 

.36 

42.59 

1.56 

B21ir 

84.5 

.49 

.53 

.90 

.29 

— 



B22 

42.4 

.43 

.24 

1.18 

0 

— 



A2b 

25.9 

.39 

.21 

1.17 

0 





B21b,  B22b 

34.0 

.34 

.09 

1.01 

0 

— 



B3b 

22.0 

.30 

.22 

.67 

0 

— 



CI,  C2 

11.5 

.36 

.12 

.45 

0 





Soil  No.  3 

Acton 

H 

146.4 

1.20 

2.87 

21.70 

3.06 

9.96 

4.90 

A2 

8.4 

.38 

.58 

2.39 

0 

15.75 

1.40 

B21h,  B22ir 

14.8 

.31 

.34 

3.48 

0 

— 

— 

B23,  B24 

16.9 

.36 

.20 

.40 

0 

5.81 

0 

B3,   C 

5.6 

.18 

.10 

.39 

0 

2.49 

0 

Soil  No.  4 

Berkshire 

H 

125.6 

1.31 

3.28 

5.70 

.83 

16.53 

12.11 

A2 

29.5 

.38 

.67 

1.47 

.57 

20.16 

6.60 

B21h 

190.0 

.30 

.71 

.19 

0 

— 

— 

B22ir 

101.8 

.30 

.28 

.41 

0 

10.69 

0 

B23,   B24 

31.0 

.32 

.10 

.85 

0 

5.62 

0 

B3 

33.5 

.36 

.12 

.47 

0 

5.48 

0 

CI 

22.2 

.45 

0 

.43 

0 

6.08 

0 

Soil  No.  11 

Undetermined 

series 

H 

20.5 

.47 

1.01 

7.92 

1.09 

1.73 

0 

Al 

92.5 

.07 

1.45 

19.96 

2.18 

4.86 

0 

A2g 

18.8 

.47 

.71 

5.69 

0 

12.52 

0 

Cgl 

12.8 

.41 

.83 

4.21 

0 

8.30 

0 

Soil  No.  15 

Croghan 

H 

64.3 

.46 

1.58 

4.46 

2.69 

4.10 

7.26 

A2 

18.1 

.32 

4.87 

1.88 

0 

20.57 

4.09 

B21h 

99.6 

.30 

.77 

.96 

0 

66.85 

9.00 

B22ir 

124.1 

.40 

.23 

1.05 

0 

32.51 

0 

B23ir 

60.6 

.30 

.10 

1.32 

0 

6.79 

0 

B24 

12.1 

.31 

.13 

1.53 

0 

2.23 

0 

B3 

13.2 

.36 

.13 

1.34 

0 

2.00 

0 

CI,   C2 

7.8 

.31 

.13 

1.20 

0 

2.82 

0 

Soil  No.  17 

Becket 

H 

51.0 

1.15 

1.87 

10.59 

1.35 

3.36 

0 

B2ir 

57.2 

.23 

.69 

2.16 

.45 

17.88 

0 

B&A 

20.3 

1.26 

.50 

3.94 

— 

6.04 

0 

Clx,    C2 

101.9 

1.52 

.57 

3.03 

— 

5.37 

0 

( — )   Not  analyzed. 


more  exchangeable  Al  in  humus  (H)  than  in 
A2,  but  in  table  5  it  is  quite  clear  that  the  re- 
verse is  true.  The  weight-based  figures  are 
misleading  because  of  the  large  difference  in 
bulk  density  between  these  horizons. 

Clearly,  the  expression  of  milhequivalents 
on  a  volume  basis  has  more  meaning  and 
therefore  greater  utility  than  the  expression 
of  milhequivalents  on  a  weight  basis.  It  is 
hoped  that  the  volume  unit  will  be  more  wide- 
ly adopted. 

Other  important  plant  nutrients  such  as 
N,  P,  and  Mn  have  not  been  measured  direct- 
ly in  these  forest  soils,  but  we  do  have  some 
knowledge  about  their  availabihty  to  trees 
from  the  foUar  analysis  of  seedhngs  growing 
in  the  different  horizons.  In  general,  humus 
supplies  adequate  amounts  of  N  and  P,  but 
too  much  Mn.  In  contrast,  mineral  soil  hori- 
zons' are  severely  deficient  in  P  and  N;  while 
Mn  was  so  plentiful  as  to  be  toxic  in  the  A2 
horizon  but  merely  adequate  in  the  subsoil 
horizons. 

The  concentration  of  each  of  these  three 
elements  is  influenced  by  different  factors,  so 
a  direct  examination  of  their  availabihty  in 
soils  is  difficult.  This  is  an  area  in  forest  soils 
research  where  much  more  work  is  needed. 

The  organic  matter  in  soils  play  many 
roles.  Organic  matter  reduces  bulk  density, 
improves  water-holding  capacity,  and  serves 
as  a  reserve  store  of  plant  nutrients.  Humus  is, 
of  course,  high  in  organic  matter  on  a  weight 
basis  (table  4) — generally  higher  than  any 
mineral  horizon.  However,  on  a  volume  basis 
organic  matter  may  occasionally  be  higher  in 
some  mineral  horizons  (especially  B2h  hori- 
sons)  than  in  the  humus  (table  5).  This  is 
the  result  of  differences  in  bulk  density. 

When  the  forest  cover  is  reduced  by  fire,  by 
insects,  or  by  harvesting,  the  microclimate  of 
the  forest  floor  changes.  Generally  there  is  an 
increase  in  temperature  and  a  decrease  in 
moisture.  As  a  result  of  this  more  favorable 
environment,  microbe  activity  increases  and 
organic  matter  is  broken  down  much  more 


^These  determinations  have  been  made  only  with 
soil  no.  21  (table  6),  but  the  chemical  analyses  of 
the  various  soils  are  so  similar  that  the  results 
should  apply  quite  well  to  all. 


rapidly  than  under  a  closed  canopy.  Mineral 
nutrients  are  released,  and  organic  N  is  con- 
verted to  inorganic  N  in  the  forms  of  ammon- 
ium and  nitrate,  which  are  then  available  to 
plants. 

Pioneer  plants  such  as  paper  birch,  pin 
cherry,  and  Rubus  sp.,  which  have  a  high  N 
requirement,  can  then  become  established  in 
the  disturbed  area  as  a  result  of  the  increased 
N  supply.  Shortly  thereafter,  other  woody 
species  hke  yellow  birch,  red  and  sugar  maple, 
and  white  ash  become  estabhshed  beneath 
the  pioneer  species  and  the  northern  hard- 
wood forest  has  effectively  succeeded  itself. 
The  main  ecological  key  to  this  succession-in- 
kind  is  the  release  of  N  stored  in  the  forest 
floor. 


SUMMARY  COMMENTS 

The  primary  parent  rock  of  the  forest  soils 
in  the  White  Mountain  National  Forest  in 
New  Hampshire  is  granite.  The  profiles  have 
developed  in  either  glacial  till  or  glacial  out- 
wash,  and  are  coarse  textured,  highly  acidic, 
and  infertile.  All  profiles  are  typically  podzol 
except  where  gleization  has  occurred  in  poorly 
drained  soils.  The  forest  cover  is  birch-beech- 
maple,  spruce-fir,  or  an  admixture. 

The  forest  floor  is  composed  of  htter,  fer- 
mented, and  humus  layers.  The  humus  is 
classified  as  mor.  Under  proper  conditions  of 


Table    6.  —  Chemical    analyses    of    fwo    additional 
podzol  profiles 


Horizon 

Exchangeable  ' 

cations 

K 

Mg 

Ca 

Al 

H 

meq 

./liter ; 

soil 

Soil  No. 

21      Hermon 
(well  draine 

d) 

H 

2.87 

5.75 

23.27 

11.47 

2.99 

A2 

1.00 

0 

5.63 

13.09 

4.75 

B22 

.52 

.72 

0 

15.12 

0 

B23 

.28 

1.25 

0 

4.22 

0 

B3 

.61 

0 

0 

5.52 

0 

C 

.84 

0 

0 

4.72 

0 

Soil  No. 

24     Whitman 

(poorly  drained) 

H 

2.49 

3.78 

25.53 

3.55 

0 

A 

1.50 

2.89 

19.62 

4.03 

0 

G 

2.68 

.70 

4.71 

2.27 

0 
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moisture  and  temperature,  large  stores  of  N 
are  released  (by  mineralization)  from  the 
humus.  As  a  result  of  nutrient  cycling,  humus 
is  also  enriched  (relative  to  the  mineral  hori- 
zons) in  cations,  especially  Ca.  Consequently, 
humus  is  the  main  source  of  nutrients  for  the 
forest  vegetation. 

Horizons  of  the  mineral  soil  have  good 
physical  properties  of  bulk  density  (except 
where  hardpan  or  iron  pan  has  developed), 
moisture-holding  capacity,  and  porosity  or 
aeration.  But  the  levels  of  plant  nutrients  are 
very  low  in  most  cases.  Available  P  is  criti- 
cally low  (for  tree  growth)  because  total  P 
is  low  and  much  of  it  is  tied  up  with  Fe  and 
Al  under  the  existing  acidic  conditions.  The 
available  cations  necessary  for  plant  growth 
(K,  Mg,  and  Ca)  are  critically  low  in  subsoil 
horizons,  especially  Ca  and  Mg.  Not  only  is 
the  parent  rock  low  in  total  content  of  these 
two  elements,  but  there  is  little  cation-ex- 
change capacity  (little  or  no  clay)  to  retain 
these  cations  against  severe  leaching  from  a 
high  monthly  rainfall. 

As  a  consequence  of  low  Ca  and  high  Al, 
there  is  very  little  root  development   below 


the  A  horizon.  This  is  especially  true  for  hard- 
wood species,  and  blowdowns  are  common,  as 
the  mound  and  depression  topography  shows. 
I  have  shown  how  these  soils  are  able  to 
sustain  the  forest  vegetation,  but  it  should  be 
understood  that  being  sustained  is  a  long  way 
from  being  healthy.  The  "cure"  (as  indicated 
by  research)  is  forest  fertilization.  Fortunate- 
ly these  sandy  forest  soils  are  quite  responsive 
(relative  to  growth  and  vigor  of  the  forest 
vegetation)  to  the  addition  of  nutrient  ele- 
ments. Maybe  someday  the  wastes  of  our 
cities  will  be  used  to  supply  these  nutrients, 
and  we  will  have  both  healthier  cities  and 
healthier  forests! 
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Classification  and  Description  of  Soils 


SOIL  NUMBER  1 


1.    Miscellaneous  Plot  Data 


4. 


a.  Location 

b.  Slope 

c.  Aspect 

d.  Elevation 

e.  Landform 

f.  Parent  material 


Bartlett  Experimental   Forest,   Compartment   14 

15  percent 

N  80°E 

940  feet 

Gently  rolling  to  steep  and  hilly  uplands  of  the 

White  Mountains 
Moderately   coarse   textured   glacial   till   of   late 

Wisconsin  age 

2.  Soil  Classification 

a.  Placement  in  New  Soil  Classification  System: 

(1)  Subgroup  Typic  Haplorthods 

(2)  Family  Coarse  loamy,  mixed,  frigid 

(3)  Series  Berkshire 

b.  Placement  in  1938  Soil  Classification  System:   Podzol 

c.  Drainage  class  Well  drained 

3.  Soil  Description 

Berkshire  very  stony  fine  sandy  loam — buried  solum  variant  (all  colors 
for  moist  soil) 

Description 

Loose  leaf  litter 

Black  (N  2/)  humus 

Gray    ( lOYR  6/1)   fine  sandy  loam;  structure 

weak,  fine  granular* 
Dark  reddish  brown  (5YR  2/2)  loamy  fine  sand 
Yellowish  red  (SYR  4/6)   fine  sandy  loam 
Yellowish  brown    ( lOYR  5/6)    loamy  fine  sand 
Gray  ( lOYR  6/ 1 )  fine  sandy  loam 
Strong  brown     7.5YR  5/6)   fine  sandy  loam 
Dark  yellowish  brown    ( lOYR  4/4)    fine  sandy 

loam 
Matrix    light    olive    brown     (2.5Y    5/4)     loamy 
fine  sand,  with  few  fine  distinct  strong  brown 
(7.5YR  5/8)   mottles,  massive 
Matrix    light    brownish    gray     (2.5Y    6/2)     fine 

sandy  loam,  massive 
Matrix    light    brownish    gray     ( 2.5Y    6/2)     fine 
sandy  loam,  with  many  medium  distinct  yel- 
lowish red  (5YR  5/8)   mottles,  massive 

Remarks 

a.  The  profile  described  is  on  a  tree  throw  mound.  The  morphology  and 
horizon  sequence  of  this  pedon  may  Ice  representative  of  other  Berk- 
shire pedons  that  have  had  windthrow  activity 

b.  Weighted  average  texture  of  the  10-  to  40-inch  control  section  is 
coarse  loamy  textural  family 

c.  Profile  description  by  Pilgrim,  Viera  and  Reiske 


rizon 

Depth 

( inches 

01 

1.5-1.0 

02 

1.0-0 

A2 

0-1 

B21h 

1-2 

B21ir 

2-4 

B22 

4-16 

A2h 

16-18 

B21b 

18-22 

B22b 

22-27 

B3b 

CI 
C2 


27-34 

34-41 
41-46 


*  Unless  noted   otherwise,   all  other  horizons   in   these   descriptions   are   weak, 
fine   granular   in   structure. 
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SOIL  NUMBER  3 


1.    Miscellaneous  Plot  Data 


a.  Location 

b.  Slope 

c.  Aspect 

d.  Elevation 

e.  Landform 

f.  Parent  material 


Bartlett  Experimental   Forest,   Compartment    15 

10  percent 

N  30°  E 

1,000  feet 

Gently  rolling  to  steep  and  hilly  uplands  of  the 

White  Mountains 
Moderately   coarse   textured    glacial   till   of   laie 

Wisconsin  age 

2.  Soil  Classification 

a.  Placement  in  New  Soil  Classification  System: 
( 1 )  Subgroup  Aquic  Entic  Haplorthods^" 
{2}    Family  Sandy,  siliceous,  mesic"' 

( 3 )    Series  Acton 

b.  Placement  in  1938  Soil  Classification  System:    Brown  Podzolic 

c.  Drainage  class  Moderately  well  drained 

3.  Soil  Description 

Acton  very  stony  fine  sandy  loam  ( all  colors  for  moist  soil ) 

Description 
Loose  leaf  litter 
Black    (lOYR  2/1)    humus 
Gray   (lOYR  6/1)   fine  sandy  loam 
Black    (SYR   2/1)    fine  sandy   loam 
Yellowish  red  (SYR  4/6)   loamy  fine  sand 
Yellowish  brown  ( lOYR  4/4)   loamy  fine  sand 
Matrix  light  olive  brown  (2.5Y5/4)  gravelly 
loamy  fine  sand,  few  fine  distinct  strong  brown 
(7.5YR  5/6)  mottles  in  lower  part  of  horizon, 
weak  medium  subangular,  blocky 
Matric  light  olive  brown  (  2.5Y  5/4)  gravelly 
loamy  fine  sand  with  many  fine  and  medium 
distinct  strong  brown  (7.5YRS/6)  mottles, 
massive 
Matrix  light  brownish  gray   (2.5Y  6/2)    gravelly 
loamy  fine  sand  with  common  medium  distinct 
strong  brown    ( 7.SYR  S/6)    mottles,  massive 

Remarks 

a.  The  organic  matter  content  of  the  spodic  horizon  does  not  meet  the 
definitive  limits  (over  2  percent  organic  matter)  for  Aquic  Haplor- 
thods 

The  organic  matter  content  of  the  spodic  horizon  places  this  pedon 
in  the  Acton  Series  and  also  in  the  mesic  soil  temperature  class. 
Pedons  of  the  Waumbek  series  appear  to  be  more  prevalent  in  the 
Bartlett  Experimental  Forest;  they  belong  to  the  frigid  soil  tempera- 
ture class. 
Profile  described  by  Pilgrim,  Viera  and  Reiske 


Horizon 

Depth 

( inches ) 

01 

1.5-1.0 

02 

1.0-0 

A2 

0-2 

B21h 

2-3 

B22ir 

3-6 

B23 

6-17 

B24 

17-25 

B3 


C 


25-28 


24-44 


b. 


SOIL  NUMBER  4 


1.    Miscellaneous  Plot  Data 


a. 
b. 
c. 
d. 


Location 

Slope 

Aspect 

Elevation 

Landform 


f.     Parent  material 


Bartlett  Experimental  Forest  Compartment  18 

12  percent 

N  5»W 

870  feet 

Gently  rolling  to  steep  and  hilly  uplands  of  the 

White  Mountains 
Moderately   coarse   textured    glacial   till   of   late 

Wisconsin  age 


15 


2.  Soil  Classification 

a.  Placement  in  New  Soil  Classification  System 

(1)  Subgroup  Typic  Haplorthods 

(2)  Family  Coarse  loamy,  mixed,  frigid 

(3)  Series  Berkshire 

b.  Placement  in  1938  Soil  Classification  System:  Podzol 

c.  Drainage  class  Well  drained 

3.  Soil  Description 

Berkshire  very  stony  fine  sandy  loam  (all  colors  for  moist  soil) 

Description 

Loose  leaf  litter 

Black  (lOYR  2/1)   humus 

Light   brownish    gray    ( lOYR    6/  2 )    fine    sandy 

loam 
Black  (SYR  2/1)   loamy  fine  sand 
Dark  red  (2.5YR  3/6)   loamy  fine  sand 
Strong  brown   (7.5YR  5/6)    loamy  fine  sand 
Yellowish  brown  ( lOYR  5/6)  loamy  fine  sand 
Light   yellowish   brown    (2.5Y   6/4)    fine   sandy 

loam 
Light  brownish  gray  (2.5Y  6/2)  and  light  yellow- 
ish   brown    (2.5Y    6/4)     gravelly    fine    sandy 
loam,  massive 
Light   brownish   gray    (2.5Y   6/2)    gravelly   fine 
sandy  loam,  massive 


rizon 

Depth 

( inches ) 

01 

3-2.5 

02 

2.5-0 

A2 

0-2 

B21h 

2-3 

B22ir 

3-5 

B23 

5-9 

B24 

9-13 

B3 

13-24 

CI 


C2 


24-44 


44-48 


Remarks 

a.    Profile  described  by  Pilgrim,  Viera  and  Reiske 


SOIL  NUMBER  11 

Note:  Because  of  the  high  water  table,  this  soil  profile  was  not  observed 
throughout  the  40-inch  control  section.  Therefore,  no  firm  classi- 
fication can  be  given  for  this  soil. 

1.    Miscellaneous  Plot  Data 


a.  Location 

b.  Slope 

c.  Aspect 

d.  Elevation 

e.  Landform 

f.  Parent  material 


Bartlett  Experimental  Forest,  Compartment  16 

10  percent 

N  30»W 

1,050  feet 

Depressions  in  the  gently  rolling  to  hilly  uplands 

of  the  White  Mountains 
Not  determined 


2.  Soil  Classification 

a.  Placement  in  New  Soil  Classification  System:  not  determined 

b.  Placement  in  1938  Soil  Classification  System:  Probably  Low  Humic 
Gley 

c.  Drainage  class  Poorly  drained 

3.  Soil  Description  (All  colors  for  moist  soil) 

Description 

Loose  leaf  litter 

Very  dark  brown    (lOYR  2/2)    humus 

Olive  gray  (5Y  5/2)   sandy  loam 

Mottled  gray  (5Y  5/1),  light  olive  brown  (2.5Y 

5/4)  and  brownish  yellow  (lOYR  6/8)   loamy 

sand,  massive 

Remarks 

a.  Water  table  at  18  inches 

b.  Parent  material  appears  to  be  water-soaked  glacial  till 

c.  Profile  described  by  Pilgrim  and  Reiske 


rizon 

Depth 

{inches) 

01 

3.5-3 

02 

3-0 

A2g 

0-8 

Bg 

8-18 

16 


SOIL  NUMBER  15 

1.  Miscellaneous  Plot  Data 

a.  Location  Bartlett  Experimental  Forest,  on  the  boundary 

of  Compartments  25  and  26. 

b.  Slope  3  percent 

c.  Aspect  Flat 

d.  Elevation  1,000  feet 

e.  Landform  Nearly  level  to  gently  sloping  glaciofluvial   de- 

posits in  the  upland  areas  of  the  White  Moun- 
tains 

f.  Parent  material  Coarse    textured    glaciofluvial    material    of    late 

Wisconsin  age 

2.  Soil  Classification 

a.  Placement  in  New  Soil  Classification  System 

( 1 )  Subgroup  Aquic  Haplorthods 

(2)  Family  Sandy,  siliceous,  frigid 

( 3 )  Series  Croghan 

b.  Placement  in  1938  Soil  Classification  System:   Podzol 

c.  Drainage  class  Moderately  well  drained 

3.  Soil  Description 

Croghan  loamy  fine  sand   ( all  colors  for  moist  soil ) 

Description 

Loose  litter 
Black  (SYR  2/1) 

Very  dusky  red  (2.5YR  2/2)   humus 
Black   ( N  2/  )   humus 
Brown  (7.5YR  5/2)   loamy  fine  sand 
Black   ( N  2/ )   medium  sand 
Dark  reddish  brown  (2.5YR  3/4)   and  red 
(2.5YR  4/6)    medium  sand 
B23ir  8-17  Yellowish  red   (SYR  4/6)   and  strong  brown 

(7.5YR  5/6)  fine  sand 
B24  17-29  Brownish  yellow  ( lOYR  6/6)  medium  sand,  with 

few    medium    distinct    ( lOYR    7/ 1 )     mottles, 
single  grain,  loose 
B3  29-36  Matrix  light  yellowish  brown   (2.5Y  6/4)    loamy 

fine   sand    with    common   medium    faint    light 
brownish  gray  (2.5Y  6/2)   mottles 
CI  36-40  Mottled    light    gray    ( lOYR    7/2)    and    reddish 

yellow   (7.5YR  6/6-6/8)   medium  sand,  single 
grain 
C2  40-45  Matrix   light  yellowish   brown    (2.5Y   6/4)    and 

light  brownish  gray  (2.5Y  6/2)  loamy  sand, 
with  streaks  of  reddish  yellow  (7.5YR  6/8), 
massive 

4.  Remarks 

a.  The  total  thickness  of  the  01  and  02  horizons  of  this  pedon  may  not 
be  representative  for  the  Croghan  series  in  New  Hampshire.  A  thick- 
ness of  2  to  6  inches  is  probably  more  typical. 

b.  Profile  description  by  Pilgrim,  Viera,  and  Reiske 


Horizon 

Depth 

{  inches 

Oil 

14-13 

012 

13-12 

021 

12-5 

022 

5-0 

A2 

0-3 

B21h 

3-5 

B22ir 

5-8 

17 


SOIL  NUMBER  17 


1.    Miscellaneous  Plot  Data 


a.  Location 

b.  Slope 

c.  Aspect 

d.  Elevation 

e.  Landform 

f.  Parent  material 


Bartlett  Experimental  Forest,  Compartment  22 

20  percent 

N  60*E 

1,300  feet 

Moderately  sloping  to  hilly  uplands  of  the  White 

Mountains 
Moderately   coarse   textured   glacial   till   of   late 

Wisconsin  age 

2.  iSoiV  Classification 

a.  Placement  in  New  Soil  Classification  System 

( 1 )  Subgroup  Typic  Fragiorthods 

(2)  Family  Sandy,  mixed,  frigid^'' 

( 3 )  Series  Becket 

b.  Placement  in  1938  Soil  Classification  System:  Podzol 

c.  Drainage  class  Well  to  moderately  well  drained 

3.  Soil  Description 

Becket  extremely  stony  sandy  loam  (all  colors  for  moist  soil) 

Description 
Loose  leaf  litter 
Black  (lOYR  2/1)   humus 
Dark  reddish  brown  (SYR  3/2)  sandy  loam 
Yellowish  brown    (lOYR  5/6)    and   lOYR  5/8) 

and  dark  brown  (10 YR  4/3)  loamy  sand 
Mottled  gray  (lOYR  6/1),  dark  brown  (7.5YR 
4/4)  and  light  brownish  gray  (2.5Y  6/2) 
loamy  sand,  weak  medium  platy  structure 
Matrix  grayish  brown  (2.5Y  5/2)  loamy  sand 
with  common  fine  and  medium  distinct  strong 
brown  (7.5YR  5/6)  and  dark  brown  (7.5YR 
4/4)  mottles,  massive 

Remarks 

a.  The  profile  described  is  on  a  tree  throw  mound  which  is  typical  of 
microrelief  in  this  area.  The  B&A  horizon  represents  a  mixing  of  the 
B  and  the  A  horizons. 

b.  The  May  1965  placement  of  Becket  is  in  the  coarse  loamy  textural 
family. 

c.  Profile  described  by  Pilgrim,  Viera  and  Reiske 
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THE  FOREST  SERVICE  of  the  U.  S.  Depart- 
ment of  Agriculture  is  dedicated  to  the  principle  of 
multiple  use  management  of  the  Nation's  forest  re- 
sources for  sustained  yields  of  wood,  water,  forage, 
wildlife,  and  recreation.  Through  forestry  research, 
cooperation  with  the  States  and  private  forest 
owners,  and  management  of  the  National  Forests 
and  National  Grasslands,  it  strives  —  as  directed 
by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 


by  G.  R.  Trimble,  Jr. 
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EPICORMIC   BRANCHING 

On  Hardwood  Trees 
Bordering  Forest  Openings 


Abstract 

Epicormic  branching  in  hardwoods  can  degrade  logs  and  reduce 
the  dollar  returns  from  growing  trees.  A  study  made  around  clear- 
cut  openings  of  various  sizes  showed  that  the  following  variables 
were  related  to  the  degree  of  epicormic  branching  on  trees  border- 
ing the  openings:  size  of  opening,  species,  tree  dominance  class, 
exposure  of  tree  bole,  and  position  on  tree  bole. 


Common  and  scientific 

names  of  species  referred  to  in  this  study: 

Basswood 

Tilia  L. 

Beech,  American 

Fagus  grandifolia  Ehrh. 

Birch,  sweet 

Betula  lenta  L. 

Cherry,  black 

Prunus  serotina  Ehrh. 

Gum,  black 

Nyssa  sylvatica  Marsh. 

Hickory 

Carya  Nutt. 

Maple,  red 

Acer  rubrum  L. 

Maple,  sugar 

Acer  saccharum  Marsh. 

Oak,  chestnut 

Quercus  prinus  L. 

Oak,  northern  red 

Quercus  rubra  L. 

Oak,  white 

Quercus  alba  L. 

Sassafras 

Sassafras  albidum  (Nutt.)  Nees. 

Sourwood 

Oxydendrum  arboreum  (L.)  DC 

Yellow-poplar 

Liriodendron  tulipifera  L. 

INTRODUCTION 

J]PIC0RMIC  BRANCHING  in  hardwoods 
can  degrade  logs  and  reduce  the  dollar 
returns  from  growing  trees.  A  study  was 
made  to  investigate  the  effect  of  opening  size 
on  epicormic  branching.  This  information  is 
needed  because  group  selection  cutting  and 
patch  cutting  with  area  control  —  both  of 
which  create  small  openings  in  the  forest — 
are  important  methods  of  regeneration.  And 
the  creation  of  such  openings  in  hardwood 
stands  triggers  epicormic  branching  on  border 
trees. 

In  addition  to  studying  the  effects  of  open- 
ing size  on  epicormic  branching,  we  also  ex- 
amined variables  that  previous  research  had 
shown  to  affect  epicormic  branching. 

DESCRIPTION 
OF  AREA 

The  study  was  made  in  the  Central  Appa- 
lachians on  the  Femow  Experimental  Forest 
near  Parsons,  West  Virginia.  Elevation  of  the 
study  areas  is  about  2,500  feet.  Plot  slopes 
vary  from  gentle  to  very  steep.  Soils  are 
medium-textured,  well-drained,  and  derived 
from  sandstone  and  shale.  The  Experimental 
Forest  has  a  rainy  and  cool  climate  with  a 
well-distributed  annual  rainfall  of  about  57 
inches. 

The  study  was  made  in  areas  that  fell  into 
two  site-quality  groups:  one  is  a  very  good 
site  in  terms  of  the  oak  site  scale  (Schnur 
1937) — site  index  about  75:  and  the  other  is 
a  fair  site — site  index  about  60.  The  domi- 
nating species  on  the  better  sites  were  sugar 
maple,  yellow-poplar,  northern  red  oak,  black 
cherry,  basswood,  hickory,  beech,  and  sweet 
birch.  On  the  area  of  lower  site  quality,  the 
most  numerous  species  were  chestnut,  white, 
and  red  oaks;  red  maple;  sweet  birch;  black 
gum;  sassafras;  and  sourwood. 

The  stands  were  second  growth  about  60 
years  old;  the  better  sites  contained  an  ad- 


mixture of  old-growth  stems  residual  from  the 
original  cutting.  At  study  inception,  all 
stands  were  unmanaged  and  well-stocked. 

STUDY  METHODS 

Plot  Layout 

and  Measurements 

Circular  plots  of  different  diameters  were 
clearcut  to  specific  dimensions.  The  smallest 
plots — 50  feet  in  diameter — approximated  the 
kind  of  openings  that  would  be  created  by  se- 
lection cutting  if  a  couple  of  large  trees  were 
removed;  the  largest  plots — 250  feet  in  diam- 
eter—  were  expected  to  provide  the  kind 
of  border  environment  created  by  large 
clearcuts. 

The  following  tabulation  shows  the  number 
and  sizes  of  openings  studied: 

Number  of  openings 


Opening  diameter 
(feet) 

Area 
(acres) 

Good  site 
(s.i.  75) 

Fair  site 

(s.i.  60) 

50 
100 
150 
200 
250 

0.045 
.180 
.406 
.721 

1.127 

9 
9 
9 
9 
9 

9 
0 
9 
0 
9 

Total 


45 


27 


We  were  able  to  cut  the  plots,  as  measured 
from  tree  bole  to  tree  bole,  fairly  close  to 
intended  size.  The  canopy  openings  were 
smaller  than  the  plots  measured  on  the 
ground  between  tree  boles  because  of  branch 
overhang.  After  cutting,  some  of  the  canopy 
openings  for  50-foot  plots  were  less  than  20 
feet  across. 

In  the  dormant  season  immediately  before 
the  openings  were  logged,  the  border-tree 
samples  were  designated  and  numbered.  After 
logging,  the  sample-tree  bole  was  divided  into 
an  exposed  and  an  unexposed  half  (the  ex- 
posed half  faced  into  the  opening);  and  this 
division  was  indicated  by  paint  lines  on  the 
lower  trunk. 

The  following  measurements  were  taken  for 
each  sample  tree:  species,  d.b.h.,  dominance 
class  (taken  before  logging),  number  of  half 


logs,  and  the  number  of  existing  established 
branches  by  half-log  positions  on  both  the 
exposed  and  unexposed  faces.  Only  trees  over 
5.0  inches  d.b.h.  were  taken  as  samples,  and 
most  of  the  trees  were  10  inches  d.b.h  and 
larger.  Total  log  height  was  based  on  esti- 
mates of  potential  log  height — that  is,  length 
of  clear  stem  to  crown. 

In  the  dormant  season  after  the  five  grow- 
ing seasons,  we  repeated  a  count  of  branches 
by  half  logs,  eliminating  those  branches  that 
had  existed  at  the  first  count.  We  based  our 
analyses  of  epicormic  branches  on  the  residual 
number. 

We  terminated  the  study  at  the  end  of  5 
years  and  examined  the  study  results. 

Analysis 

Because  previous  research  has  shown  that 
epicormic  branching  is  affected  by  these  vari- 
ables, we  stratified  the  data  on  the  sample 
trees  by  species,  tree  dominance  class  (domi- 
nant and  codominant,  1  and  2;  intermediate 
and  suppressed,  3  and  4),  and  site  quality 
(site  index  75  and  60).  We  also  stratified 
the  data  by  the  numbers  of  half  logs  in  the 
tree  and  by  opening  size — the  variable  of 
primary  interest. 

By  dividing  the  sample  trees  into  so  many 
strata,  we  greatly  reduced  the  number  of 
trees  in  each  stratum.  The  less  common 
species  were  not  represented  in  many  strata. 
Also,  the  smaller  the  opening  was,  the  shorter 
the  total  length  of  border  was;  therefore  there 
were  fewer  sample  trees  in  the  small  plots. 

For  each  stratum,  we  computed  the  num- 
ber of  sample  trees  and  the  mean  and  the 
variance  of  the  number  of  epicormic  branches 
on  the  exposed  and  unexposed  faces  for  each 
half-log  position. 

The  data  showed  that  the  variance  was  a 
function  of  the  mean — the  higher  the  mean, 
the  higher  the  variance.  Because  the  variance 
was  not  constant  and  some  strata  had  no  or 
few  trees,  we  decided  not  to  use  analysis  of 
variance  techniques  to  test  hypotheses  about 
the  strata  means.  Instead  we  examined  the 
means  for  expected  relationships.  When  the 
pattern  of  particular  subsets  of  means  were 
as  expected,  we  took  this  as  evidence  of 
factor  effects. 


RESULTS 

Effect  of  Opening  Size 

The  effect  of  opening  size  on  the  occurrence 
of  epicormic  branching  was  measured,  using 
means  of  epicormics  for  the  exposed  faces  of 
border  trees. 

Because  epicormic  branching  on  the  tree 
bole  was  previously  known  to  increase  with 
height  above  the  ground,  and  because  all 
trees  did  not  have  the  same  log  height  (they 
varied  from  IV^  to  3^  logs),  it  was  necessary 
to  make  comparisons  for  similar  sections  of 
the  tree  bole.  We  therefore  counted  the 
branches  in  the  top  16  feet  of  the  bole.  We 
justified  this  on  two  bases:  (1)  Because  the 
upper  bole  branches  more  freely,  it  is  a  more 
sensitive  indicator  of  factors  that  cause  epi- 
cormic branching;  and  (2)  the  frequency  of 
branching  on  the  upper  log  seemed  similar  for 
trees  of  different  total  log  height  (table  1). 

We  first  compared  the  epicormic  branch 
means  of  similar  tree  groups  in  the  smallest 
(50- foot)  versus  the  largest  (250-foot)  open- 
ings (table  2).  The  comparisons  we  made 
were  as  follows:  chestnut  oak,  site  index  60, 
groups  1,  2  (table  2)  had  a  mean  of  2.16 
epicormic  branches  for  12  trees  bordering 
50-foot  openings  and  a  mean  of  4.16  sprouts 
for  the  41  trees  bordering  the  250-foot  open- 
ing. Of  the  19  groups  with  sample  trees  in 
both  sizes  of  openings,  17  had  higher  means 
for  the  250-foot  opening.  The  10  groups  of 
heavily  sprouting  species  (red,  white,  and 
chestnut  oak;  black  cherry;  and  basswood) 
all   showed   more  sprouting  in   the  250-foot 


Table  1.  —  Averoge  number  of  epicormic  branches 
in  the  upper  two  8-foot  sections  of  chestnut  oak  trees 
of  different  log  height  (site  index  60).  Number  of 
sample  trees  in  parentheses. 


lV2-\og 
trees 


2-log 
trees 


2V2-log 
trees 


DOMINANT  AND  CODOMINANT 

(5)  (16)  (19) 


0.6 
3.0 


1.6 
2.8 


1.3 
2.6 


INTERMEDIATE  AND  OVERTOPPED 

(7)  (13) 


1.2 
2.0 


0.7 
1.9 


Table   2.  —  Average   number  of  epicormic  branches  on   the  exposed  face  of  the   upper  log  for  openings 

of  dliffereni  sizes 


Groups" 

Diameter  of  the  opening. 

in  feet 

50 

100 

150 

200 

250 

Chestnut  oak  —  60  —  1,2 

2.16  (12)h 

-(0) 

2.16  (57) 

-(0) 

4.16  (41) 

Chestnut  oak  —  60  —  3,4 

2.42  (14) 

—  (0) 

3.43  (21) 

—  (0) 

2.81  (21) 

White  oak  —  60  —  1,2 

—  (0) 

—  (0) 

2.33  (9) 

—  (0) 

5.00  (15) 

White  oak  — 60  — 3,4 

5.67  (3) 

-(0) 

7.50  (2) 

—  (0) 

6.78  (9) 

Red  oak  — 60— 1,2 

3.78  (9) 

—  (0) 

6.07  (16) 

—  (0) 

5.42  (33) 

Red  oak  — 60  — 3,4 

3.40  (5) 

—  (0) 

10.00  (7) 

—  (0) 

6.11  (9) 

Red  oak  — 75— 1,2 

5.50  (2) 

2.80  (5) 

2.00  (10) 

6.23  (22) 

6.05  (21) 

Red  oak  — 75  — 3,4 

4.00  (4) 

1.00(1) 

4.80  (5) 

6.00  (8) 

7.71  (7) 

Black  cherry  —  75  —  1,2 

.00  (9) 

.50  (10) 

3.69  (13) 

.83  (6) 

2.39  (18) 

Black  cherry  —  75  —  3,4 

-(0) 

1.00  (2) 

2.00  (1) 

.50  (2) 

3.00  (3)  ' 

Bass  wood  —  75  —  1,2 

1.50  (6) 

1.91  (11) 

5.37  (24) 

10.50  (2) 

3.82  (35) 

Basswood  —  75  —  3,4 

2.86  (7) 

4.67  (12) 

4.00  (16) 

—  (0) 

6.18  (27) 

Yellow-poplar  —  75  —  1,2 

1.45  (11) 

1.00  (25) 

1.22  (33) 

1.57  (21) 

1.21  (33) 

Yellow-poplar  —  75  —  3,4 

1.00  (2) 

1.67  (6) 

2.78  (9) 

1.67  (6) 

1.44  (9) 

Sweet  birch  —  75  —  1,2 

-(0) 

1.14  (7) 

.00  (2) 

.00  (2) 

.33  (6) 

Sweet  birch  — 75  — 3,4 

.60  (5) 

.67  (3) 

.36  (14) 

1.92  (12) 

.94  (17) 

Beech  —  75  —  1,2 

.80  (5) 

.75  (4) 

1.12  (17) 

1.11  (9) 

.82  (22) 

Beech  —  75  —  3,4 

1.00  (1) 

.33  (3) 

3.90  (10) 

1.00  (2) 

2.87  (15) 

Sugar  maple  —  75—1,2 

.18(11) 

.28  (18) 

.19  (21) 

.50  (2) 

.32  (31) 

Sugar  maple  —  75  —  3,4 

4.50  (2) 

1.56  (9) 

2.42  (12) 

1.80  (5) 

2.46  (30) 

Red  maple  — 60  — 1,2 

.33  (3) 

-(0) 

.33  (3) 

—  (0) 

1.80  (10) 

Red  maple  — 60  —  3,4 

2.08  (12) 

—  (0) 

3.66  (24) 

—  (0) 

3.31  (32) 

^Species  —  site  index  —  crown  class   (1  and  2  are  dominant  and  codominant,  and  3  and  4  are  interme- 
diate and  overtopped). 

••Number  of  sample  trees  in  parentheses. 


openings  than  in  the  50-foot  openings.  This 
is  strong  evidence  that  epicormic  branching 
is  affected  by  opening  size. 

We  then  established,  for  openings  of  all 
size  classes,  the  proportion  of  instances  where 
the  larger  opening  produced  more  branches 
(table  3).  We  used  only  the  heavily  sprouting 
species  groups  from  table  2.  One  expects  the 
proportion  to  be  close  to  1.0  if  the  effect  of 
opening  size  is  large.  If  there  is  no  effect  of 
opening  size,  the  proportion  should  average 


Table  3.  —  Proportion  of  instances  where  larger 
openings  produced  a  greater  mean  number  of  epi- 
cormic branches.  Comparison  based  on  means  (table 
1)  of  heavy  branching  species 


Smaller  opening 
size,  in  feet 

Larger  opening  size, 
in  feet 

100 

150 

200 

250 

50 
100 
150 
200 

0.60» 

0.80 
.67 

1.00 
.80 
.60 

1.00 

1.00 

.50 

.50 

*In  the  5  comparisons  involved,  means  were 
greater  for  the  100-foot  opening  in  3  of  the  cases, 
thus  %  =  0.60. 


0.5.  The  proportions  in  table  3  indicate  that 
there  is  little  or  no  difference  among  150-, 
200-,  and  250-foot  openings.  The  effects  of 
50-  and  100-foot  openings  are  likewise  some- 
what alike.  The  largest  increase  in  epicormic 
branches  is  apparently  between  100-  and  150- 
foot  openings. 

Effect  of  Species 

It  has  long  been  recognized  that  tree 
species  differ  in  their  potential  to  produce 
epicormic  branches.  In  a  previous  study  of 
border-tree  sprouting,  Smith  (1966)  rated 
nine  species  of  Appalachian  hardwoods  for 
this  characterstic.  Our  study  supports  Smith's 
ratings  and  expands  the  list  to   12   species. 

To  measure  species  differences,  we  com- 
pared the  average  number  of  epicormic 
branches  on  the  exposed  face  of  the  upper  log 
(table  2).  We  used  the  available  means  from 
trees  bordering  the  150-,  200-,  and  250-foot 
plots.  As  a  result  of  this  evaluation,  we  came 
up  with  a  ranking  in  which  the  species  were 
rated  in  descending  order  of  potential  for 
branching. 


Shown  below  by  broad  species  groups  is 
our  list,  together  with  Smith's  list  and  a  sub- 
jective combination  of  the  two.  Susceptibility 


to  branching  differs  less  within  each  group 
than  it  does  between  groups: 


Number  of  ^ur  study 

branches 

Very  many  ....  Red  oak 
White  oak 

Many    Basswood 

Black  cherry 
Chestnut  oak 

Few   Beech 

Yellow-poplar 
Red  maple 
Sugar  maple 
Sweet  birch 

Very  few — 


Smith's  list 
White  oak 

Black  cherry 
Red  oak 
Chestnut  oak 

Hickory 
Yellow-poplar 
Red  maple 
Sugar  maple 

White  ash 


Combination 

White  oak 
Red  oak 

Basswood 
Black  cherry 
Chestnut  oak 

Beech 
Hickory 
Yellow-poplar 
Red  maple 
Sugar  maple 
Sweet  birch 

White  ash 


Effect  of  Tree  Dominance 

Previous  studies  on  the  Fernow  Experi- 
mental Forest  have  shown  that  after  release, 
more  epicormic  branching  occurred  on  inter- 
mediate and  overtopped  trees  than  on  domi- 
nant and  codominant  trees  (Wahlenberg 
1950,  Smith  1965). 

We  compared  dominant  and  codominant 
trees  to  intermediate  and  overtopped  trees 
(table  2).  We  compared  trees  bordering  150-, 
200-  and  250-foot  openings.  In  22  of  28  com- 
parisons, the  intermediate  and  overtopped 
trees  had  more  epicormic  branches  on  the 
exposed  face  of  the  upper  log  than  the  domi- 
nant and  codominant  trees. 

For  example,  yellow-poplar  and  sugar 
maple  on  sites  with  an  index  of  75  had  higher 
epicormic  branch  means  in  the  sub-dominant 
group  (3  and  4)  than  in  the  dominant  group 
(1  and  2),  for  the  150-,  200-,  and  250-foot 
openings. 

Effect  of  Site  Quaiity 

Smith  (1966)  found  more  epicormic  branch- 
ing on  chestnut  oak,  red  oak,  and  white  oak 
growing  on  site-index  60  areas  than  on  site- 
index  75  areas.  In  our  study,  red  oak  was 
the  only  species  common  to  the  two  sites. 
Only  four  comparisons  were  possible  among 
the  means  in  the  150-foot  and  larger  openings 
(table  2).  The  data  on  the  effect  of  site  on 
bole  sprouting  were  contradictory.  In  two  of 
the  comparisons  (shown  below),  bole  sprout- 


ing was  greater  on  the  higher  site;  but  for 
the  other  two,  it  was  greater  on  the  lower  site. 
The  number  of  epicormic  branches  on  the  ex- 
posed faces  of  upper  logs  by  opening  size  was: 


Group 


150-foot 

250-foot 

openings 

openings 

6.07 

5.42 

2.00 

6.05 

10.00 

6.11 

4.80 

7.71 

Red  oak  —  60  —  1,2 
Red  oak  —  75  —  1,2 
Red  oak  —  60  —  3,4 
Red  oak  —  75  —  3,4 


Effect  of  Exposure 
of  Tree  Boie 

Several  studies  have  shown  that  on  trees 
bordering  openings,  more  epicormic  branches 
appear  on  the  side  of  the  bole  facing  the 
opening  than  on  the  side  facing  into  the 
uncut  stand  (Smith  1965,  Trimble  and  Smith 
1970).  Results  of  our  study  support  these 
findings. 

We  compared  the  epicormic  branch  means 
of  the  entire  length  of  the  bole  on  the  ex- 
posed and  unexposed  faces  for  trees  bordering 
the  200-  and  250-foot  openings.  The  sample 
trees  were  grouped  by  species,  site  quality, 
crown  class,  and  number  of  logs  in  the  tree. 
There  were  54  of  these  groups,  and  45  of 
them  had  more  epicormic  branches  on  the 
exposed  face  than  on  the  unexposed  face. 

Effect  of  Position 
on  Tree  Boie 

Our  study  results  showed  that  epicormic 
branching  increased  with  height  above 
ground.   This  confirmed  the  results  of  past 


work  (Jemison  and  Schumacher  1948,  Wahl- 
enberg  1950,  Smith  1965  and  1966). 

The  exposed  faces  of  the  lower  half-logs 
were  compared  to  the  exposed  faces  of  the 
upper  half-logs  on  border  trees  around  the 
150-,  200-,  and  250-foot  plots.  We  compared 
only  the  half-logs  rather  than  the  lower  and 
upper  full  logs  in  order  to  use  the  data  on  1 V^ 
log  trees.  Fifty-five  out  of  57  groups  (table  4) 
averaged  more  epicormic  branches  on  the 
upper  half-log  than  on  the  lower  half-log. 

DISCUSSION 

The  concern  with  epicormic  branching  on 
border  trees  centers  on  the  extent  to  which 
it  causes  a  monetary  loss  by  degrading  lum- 
ber. Unfortunately,  the  situation  cannot  be 
summed  up  simply.  We  can  say  that  bole 
sprouting  appears  to  be  more  damaging  than 
it  actually  is  because:  (1)  the  heaviest  sprout- 
ing is  on  the  upper  stem,  but  the  greatest 
volume  and  value  of  the  tree  are  usually  in 
the  lower  log;  (2)  the  intermediate  and 
overtopped  trees  sprout  the  most,  but  the 
most  valuable  trees  and  those  most  favored 


for  final  crop  trees  in  even -aged  systems  are 
the  dominants  and  codominants;  and  (3) 
many  small  epicormic  branches  are  short- 
lived and  therefore  unlikely  to  have  much 
degrading  effect. 

In  spite  of  this,  where  we  cut  openings 
larger  than  100  feet  in  diameter — and  unless 
we  cut  them  larger  than  this,  reproduction 
of  intolerant  species  is  unlikely  to  develop 
satisfactorily — we  will  get  low-quality  logs  in 
the  more  susceptible  bole  sprouters.  For  ex- 
ample, the  means  of  epicormic  branches  on 
the  butt  16-foot  log  for  red  oak  (exposed 
and  unexposed  faces  combined)  for  the  three 
larger  openings  was  6.0  for  dominant  and 
codominant  trees  and  8.0  for  intermediate 
and  overtopped  trees.  These  were  not  the 
short-lived  type  of  epicormics,  but  had  per- 
sisted for  years;  and  many  appeared  to  be 
vigorous  and  permanent.  Therefore,  in  stands 
composed  heavily  of  oaks,  basswood,  and 
black  cherry,  it  is  important  to  maintain  a 
low  border-to-cut-acreage  ratio:  that  is,  to 
make  clearcuts  as  large  as  possible  consistent 
with  other  considerations,  to  reduce  degrade 
from  bole  sprouting. 


Table   4.  —  Comparison   of  epicormic  branches  by  position   on   tree   bole.   Average   number   of  epicormic 

branches  on  fhe  open  face 


150-foot 

opening 

200-foot 

opening 

250-foot 
Lower 

opening 

Groups^ 

Lower 

Upper 

Lower 

Upp)er 

Upper 

half  log 

half  log 

half  log 

half  log 

half  log 

half  log 

Chestnut  oak  —  60  —  1.2 

0.05  (57)  b 

2.16  (57) 





0.05  (41) 

4.16  (41) 

Chestnut  oak  — 60  — 3,4 

.05  (21) 

3.43  (21) 

— 

— 

.19  (21) 

2.81  (21) 

White  oak  — 60— 1,2 

.00  (9) 

2.33  (9) 

— 

— 

.73  (15) 

5.00  (15) 

White  oak  —  60  —  3,4 

4.50  (2) 

7.50  (2) 

— 

— 

.89  (9) 

6.78  (9) 

Red  oak  —  60  —  1.2 

1.88  (16) 

6.07(16) 

— 

— 

1.64  (33) 

5.42  (33) 

Red  oak  — 60  — 3,4 

3.29  (7) 

10.00  (7) 

— 

— 

1.33  (9) 

6.11  (9) 

Red  oak  — 75  — 1,2 

.00  (10) 

2.00  (10) 

1.36  (22) 

6.23  (22) 

.62  (21) 

6.05  (21) 

Red  oak  — 75  — 3,4 

2.00  (5) 

4.80  (5) 

2.88  (8) 

6.00  (8) 

1.57  (7) 

7.71  (7) 

Black  cherry  —  75  —  1,2 

.54  (13) 

3.69  (13) 

.17  (6) 

.83  (6) 

1.17  (18) 

2.39  (18) 

Black  cherry  —  75  —  3,4 

1.00  (1) 

2.00  (1) 

.00  (2) 

.50  (2) 

1.00  (3) 

3.00  (3) 

Basswood  —  75  —  1,2 

.67  (24) 

5.37  (24) 

3.00  (2) 

10.50  (2) 

.91  (35) 

3.82  (35) 

Basswood  —  75  —  3,4 

.88  (16) 

4.00  (16) 

— 

— 

1.56  (27) 

6.18  (27) 

Yellow-poplar  —  75  —  1,2 

.12  (33) 

1.22  (33) 

.14  (21) 

1.57  (21) 

.18  (33) 

1.21  (33) 

Yellow-poplar  —  75  —  3,4 

.22  (9) 

2.78  (9) 

.17  (6) 

1.67  (6) 

.11  (9) 

1.44  (9) 

Sweet  birch  —  75  —  1.2 

.00  (2) 

.00  (2) 

.00  (3) 

.00  (3) 

.00  (6) 

.33  (6) 

Sweet  birch  — 75  — 3.4 

.07  (14) 

.36  (14) 

.33  (12) 

1.92  (12) 

.00  (17) 

.94  (17) 

Beech  —  75  —  1.2 

.06  (17) 

1.12  (17) 

.00  (9) 

1.11  (9) 

.00  (22) 

.82  (22) 

Beech  —  75  —  3,4 

.40  (10) 

3.90  (10) 

.00  (2) 

1.00  (2) 

.47(15) 

2.87  (15) 

Sugar  maple  —  75  —  1,2 

.00  (21) 

.19  (21) 

.00  (2) 

.50  (2) 

.00  (31) 

.32  (31) 

Sugar  maple  —  75  —  3,4 

.25  (12) 

2.42  (12) 

.40  (5) 

1.80  (5) 

1.13  (30) 

2.46  (30) 

Red  maple  —  60 — 1,2 

.00  (3) 

.33  (3) 

— 

— 

.10  (10) 

1.80  (10) 

Red  maple  — 60  — 3,4 

.71  (24) 

3.66  (24) 

— 

— 

.81  (32) 

3.31  (32) 

"Species  —  site  index  —  crown  class   (1  and  2  are  dominants  and  codominants;  3  and  4  are  intermediate 
and  overtopped). 

••Nvunber  of  sample  trees  in  parentheses. 


For  the  other  species,  sprouting  on  the 
lower  stem  of  border  trees  is  lighter.  For 
instance,  yellow-poplar  averages  only  0.4 
branch  on  the  butt  log  for  dominant  and 
codominant  trees  and  0.6  branch  for  inter- 
mediate and  overtopped  trees.  In  stands  of 
yellow-poplar  and  other  lightly  sprouting 
species,  the  threat  of  epicormic  branching 
would  be  appreciably  less  of  a  consideration 
in  deciding  on  size  of  area  to  clearcut. 

SUMMARY 

From  a  study  of  epicormic  branching  on  10 
hardwood  tree  species  bordering  forest  open- 
ings of  different  sizes,  we  determined  that: 

•  Five  years  after  cutting,  epicormic  branch- 
ing was  about  the  same  for  50-foot  and 
100-foot  openings,  but  was  appreciably  less 


than  for  openings  150  feet  in  diameter  and 
larger.  Branching  seemed  about  as  heavy 
on  trees  bordering  the  150-foot  plots  as  on 
trees  bordering  larger  plots. 

•  There  were  large  differences  between  species 
in  the  amount  of  epicormic  branching, 

•  More  epicormic  branching  occurred  on 
intermediate  and  overtopped  trees  than  on 
dominant  and  codominant  trees. 

•  We  had  too  few  data  to  demonstrate  site 
effect,  with  only  red  oak  common  to  our 
two  sites  (60  and  75  site  index). 

•  More  epicormic  branches  appeared  on  the 
exposed  faces  of  the  border  trees  than  on 
the  section  facing  into  the  uncut  stand. 

•  Epicormic  branching  increased  with  height 
above  ground. 
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A  Comprehensive 

DEFECT  DATA  BANK 

For  No.  2  Common  Oak  Lumber 


Abstract 

Computer  simulation  of  rough  mill  cut-up  operations  allows  low- 
cost  evaluation  of  furniture  rough  mill  cut-up  procedures.  The  defect 
data  bank  serves  as  input  to  such  simulation  programs.  The  data 
bank  contains  a  detailed  accounting  of  defect  data  taken  from  637 
No.  2  Common  oak  boards.  Included  is  a  description  of  each  defect 
(location,  size,  and  type),  as  well  as  the  length  and  width  of  the 
board.  All  information  is  recorded  on  data-processing  cards.  Though 
the  data  bank  applies  directly  to  No.  2  Common  oak,  it  can  be  used 
to  evaluate  the  yields  of  most  species  of  No.  2  Common  lumber  that 
are  graded  according  to  the  standard  rules. 


INTRODUCTION 

J^ORE  THAN  HALF  of  the  hardwood 
lumber  produced  in  the  sawmills  of  the 
Appalachian  Region  is  graded  No.  2  Common 
or  lower.  One-fourth  of  the  total  volume  is 
No.  2  Common,  and  the  volume  of  No.  2 
Common  is  expected  to  increase  during  the 
next  decade.'-  New  ways  of  converting  this 
material  into  products  or  product  parts  are 
needed  to  assure  future  markets  for  this 
lumber.  Effective  research  to  develop  new 
conversion  procedures  will  require  new  ap- 
proaches. Conventional  case  studies  are  im- 
practical because  of  the  difficulty  in  obtaining 
matched  samples. 

Computer  simulation  of  rough  mill  cut-up 
operations  allows  low-cost  evaluation  of  new 
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and  E.  H.  Bulgrin.  1966.  Hardwood  log  grades  for 
standard  lumber.  USDA  Forest  Serv.  Res.  Paper 
FPL-63,  52  p.,  illus.  USDA  Forest  Prod.  Lab..  Madi- 
son, Wise. 


manufacturing  procedures.  This  report  de- 
scribes a  board  defect  data  bank  for  No.  2 
Common  oak  lumber  which  we  have  compiled 
for  use  in  these  simulation  studies.  This  data 
bank  contains  an  extensive  collection  of  board 
defect  data  and  is  available  for  use  by  re- 
searchers and  wood  industry  firms. 


THE  DATA  BANK 

The  data  bank  is  a  collection  of  board  de- 
fect data  taken  from  637  No.  2  Common  oak 
boards  totaling  4,487  board  feet.  All  data  are 
recorded  on  punched  cards.  Included  is  a 
description  of  each  defect  by  location,  size, 
and  type,  as  well  as  the  length  and  width  of 
the  board.  The  data  bank  provides  input  for 
computer  analysis  of  rough  mill  cut-up  pro- 
cedures. 

The  Sample 

In  developing  the  data  bank,  our  goal  was 
to  select  a  sample  that  was  representative  of 
the  population  of  No.  2  Common  oak  boards. 
The  sampling  schedule  used  for  this  study 


I 


was  similar  to  one  developed  by  Dunmire  and 
Englerth.'  This  schedule  calls  for  grouping 
boards  into  seven  length  classes  and  seven 
width  classes,  a  total  of  49  samphng  cells.  The 
prescribed  number  of  boards  per  cell  was  16. 
Thus,  the  total  number  of  boards  called  for 
by  the  schedule  is  784  (49  x  16). 

Each  of  the  49  sampling  cells  was  divided 
into  four  utility  groups.  These  utility  groups, 
or  strata,  separated  boards  according  to  their 
clear  area  as  follows: 


Utility  group 


3Dunmire,  Daniel  E.,  and  George  H.  Englerth. 
1967.  Development  of  a  computer  method  for  pre- 
dicting lumber  cutting  yields.  USDA  Forest  Serv. 
Res.  Paper  NC-15,  7  p.,  illus.  N.  Central  Forest  Exp. 
Sta..  St.  Paul,  Minn. 

'To  be  included  in  the  calculation,  a  clear  area 
must  be  at  least  2  by  18  inches  or  3  by  12  inches. 


Clear  area 

N umber  oj 

in  the  board'' 

observations 

(percent) 

(boards) 

50-60 

3 

61-70 

6 

71-80 

5 

81  + 

2 

This  technique  emphasizes  the  more  com- 
monly found  boards — those  in  which  between 
60  and  80  percent  of  the  surface  area  is  clear 
wood. 

Our  collection  of  637  boards  totaled  over 
4,400  board  feet,  and  although  it  is  the  largest 
documented  sample  of  No.  2  Common  oak 
lumber  available,  we  were  unable  to  fill  all 
cells  in  the  schedule  (table  1  ).  Boards  were 
selected  from  four  widely  dispersed  mills  in 
West  Virginia  and  Virginia.  The  production 
runs  from  which  our  sample  was  taken  totaled 
approximately  300,000  board  feet.  Our  inabil- 
ity to  fill  all  cells  in  the  schedule  was  partly 
due  to  the  naturally  limited  occurrence  of 
very  wide  boards  and  very  narrow  long  boards. 
So  we  believe  the  sample  represents  No.  2 
Common  oak  lumber  adequately  for  practical 
purposes  (table  2). 


Table  1 . — Number  of  4/4  kiln  dried  No.  2  Common  oak  boards  in  fhe  data  bank, 
by  length  and  width  classes.' 


Width 
classes 
(inches) 

Length  class  (feet) 

All 

4 

5-6 

7-8 

9-10 

11-12 

13-14 

15-16 

lengths 

3-4 

14 
1.3 
16 
17 
14 
6 
2 

17 
16 
19 

12 

13 

11 

9 

5 

80 

5-6 

7-8 
9-10 

18 
18 
18 
19 

22    1 

15 
17 

17 
.  .22.. 

■■ 

117 
1        120 
1        120 

11-12 

12 
5 
4 

12 
3 
3 

115 

13-14 
15  + 

6 
2 

14 
5 

11 

5 

13 
6 

58 
27 

Total 

82 

92 

104 

103 

107 

80 

69 

637 

•'In  the  shaded  area  the  number  of  boards  sampled  met  or  exceeded  the  prescribed  number  (16)   for 
each  sampling  cell. 


Table  2. — Volume  of  4/4  kiln  dried  No.  2  Common  oak  boards  in  the  data  bank, 

by  length  and  width  classes 
[In  board  feet] 


Width 

Length  class  (feet) 

All 

classes 
(inches) 

4 

5-6 

7-8 

9-10 

11-12 

13-14 

15-16 

lengths 

3-4 

14 

30 

32 

46 

43 

45 

27 

237 

5-6 

26 

45 

66 

100 

95 

103 

105 

540 

7-8 

36 

56 

90 

96 

157 

159 

155 

749 

9-10 

51 

81 

117 

132 

161 

172 

198 

912 

11-12 

54 

88 

145 

187 

256 

163 

177 

1,070 

13-14 

26 

35 

126 

120 

176 

74 

55 

612 

15  + 

10 

13 

51 

65 

93 

71 

64 

367 

Total 

217 

348 

627 

746 

981 

787 

781 

4,487 

Data  Collection 
and  Description 

All  lumber  was  kiln  dried  to  a  moisture 
content  of  7  percent  before  defect  data  were 
collected.  After  kiln  drying,  the  lumber  was 
graded  by  a  certified  inspector  of  the  National 
Hardwood  Lumber  Association  (NHLA)  using 
the  NHLA  Special  Kiln  Dried  Rule.' 

All  defects  in  each  board  were  recorded  and 
coded  by  size  and  kind,  according  to  the  21 
defect  classifications  listed  in  table  3.  In  addi- 
tion, the  side  of  the  board  on  which  the  defect 
occurred  (grade  side  or  back)  was  recorded. 
This  procedure  was  used  because  the  grading 
rules  for  dimension  parts  specify  allowable 
defects  for  both  the  face  and  reverse  side  of 
parts. 

The  board  dimensions  and  the  location  and 
dimensions  of  each  defect  were  recorded,  us- 
ing a  cartesian  coordinate  system  graduated 
in  14 -inch  units  (fig.  1).  Boards  were  placed 
with  the  lower  left  corner  at  the  point  1-1, 
with  the  width  of  the  board  along  the  posi- 


Table  3. — Board  defecf  descripfions  and 
code  numbers 


Code 

No. 

Defect  description 

001 

Mechanical  damage 

Dog  hole 

Felling  notch 

Felling  tear-out 

002 

Void 

003 

Pith 

004 

Decay 

005 

Shake 

006 

SpUt 

007 

Machine-made  split 

008 

Wane  and  scant  thickness 

009 

Sawline 

010 

Bark  pocket 

Oil 

Grub  hole;  V4  inch  and  over 

111 

Shot  worm  hole;  greater  than  1/16  inch. 

less  than  V4  inch 

211 

Pin  worm  hole;  1/16  inch  or  less 

012 

Unsound  knot 

013 

Burl  with  bark  or  check 

014 

Surface  check 

015 

Sound  knot 

016 

Machine-chipped  or  torn  grain 

017 

Machine  snipe  and  tear-out 

018 

Incipient  decay 

019 

Sticker  stain 

020 

Bud  trace  with  bark  or  check 

021 

Callus  wood 

5  National  Hardwood  Lumber  Association.  1967. 
Rules  for  the  measurement  and  inspection  of  hard- 
wood and  cypress  lumber.  116  p.,  Chicago,  111. 


Figure  1. — The  outline  of  a  IOI/2  inch  board  12'/^  feet  long  is  described 
by  the  points  1-1  and  43-589;  the  location  of  a  defect  1  inch  by  2  inches 
is  described  by  the  points  34-40  and  38-48. 
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tive  Y-axis  and  the  length  along  the  positive 
X-axis.  Each  board  or  defect  was  described 
as  a  rectangle.  Each  rectangle  was  located  by 
its  lower  left  and  upper  right  corners.  Thus, 
only  two  pairs  of  points  are  necessary  to 
describe  each  board  and  each  defect.  For 
example,  a  board  10^2  inches  wide  and  12  feet 
3  inches  long  is  described  by  the  set  1-1  and 
43-589.« 

Certain  large  defects  were  treated  as  a 
series  of  small  defects  (fig.  2).  This  provided 
for  a  more  accurate  description  of  the  defect 
and  minimized  the  amount  of  clear  wood 
recorded  as  defective. 

Data  Format 

All  information  pertaining  to  a  board  was 
recorded   on   80-column   punch   cards.    Each 


"Note:  The  dash  separates,  in  order,  the  "Y"  and 
"X"  units. 


board's  complete  data  deck  contains,  in 
order,  one  header  card,  one  outline  card,  and 
one  defect  card  for  each  defect  in  the  board 
(fig.   3).   The  defect  cards  are  arranged  so 


Figure  2. — To  minimize  the  amount  of  clear 
wood  recorded  as  defective,  certain  large 
defects  were  treated  as  a  series  of  small 
defects. 


Figure  3. — Data  cards  for  each  board  are  arranged  in  the  following  sequence:  (1) 
header  card.  (2)  outline  card,  (3)  defect  cards,  grade  side,  and  (4)  defect  cards, 
back  side. 


that  defects  on  the  grade  side  of  the  board 
come  before  those  on  the  back  of  the  board. 
A  detailed  description  of  all  information  con- 
tained in  the  cards  is  in  the  Appendix. 

USE  OF  THE  DATA  BANK 

The  board  defect  data  bank  offers  both 
researchers  and  industry  an  opportunity  to 
develop  greater  efficiency  in  the  utilization 
of  No.  2  Common  hardwood  lumber.  It  can  be 
used  with  existing  rough-mill  computer  simu- 
lation programs  to  determine  the  yield  of 
dimension  parts  for  any  desired  cutting  bill. 
The  U.  S.  Forest  Products  Laboratory's  simu- 
lation program,  YIELD,  is  available  for  this 
use.'  In  addition,  researchers  at  the  Forest 
Products  Marketing  Laboratory  (FPML) 
have  expanded  program  YIELD.  This  ex- 
panded version  allows  the  program  to  simu- 
late processing  of  boards  with  more  defects 
and  is  thus  well  suited  for  evaluating  No.  2 
Common  lumber. 

The  data  bank  contains  descriptions  as 
well  as  measurements  of  all  defects  found 
on  the  boards.  Thus  it  can  be  used  to  deter- 
mine the  yields  of  various  grades  of  cuttings. 


The  entire  deck  will  give  the  yield  of  dimen- 
sion parts  that  satisfy  the  clear-two-sides 
(C2S)  grade  requirement.  However,  because 
defects  can  be  selected  by  size,  type,  and 
board  face,  yield  data  need  not  be  limited  to 
C2S  cuttings.  Yield  figures  can  also  be  deter- 
mined for  other  grades  of  dimension  parts 
such  as  CIS,  paint,  core,  and  sound.  This 
flexibility  is  valuable  for  evaluating  the  eco- 
nomics of  alternate  uses  for  No.  2  Common 
lumber. 

While  the  data  we  have  collected  apply 
directly  to  No.  2  Common  red  and  white  oak 
lumber,  their  use  is  not  limited  to  these 
species.  Field  tests  of  the  Forest  Products 
Laboratory's  system  for  calculating  dimension 
yields  from  hard  maple  lumber,''  have  shown 
that  the  predictions  apply  not  only  to  hard 
maple  lumber,  but  to  most  species  graded  by 
the  standard  rules.  Thus,  the  results  obtained 
by  use  of  our  data  bank  should  be  applicable 
to  most  species  of  No.  2  Common  hardwood 
lumber  graded  according  to  the  standard 
rules. 

Copies  of  the  data  bank  are  available.  The 
enclosed  card  may  be  used  to  request  infor- 
mation on  how  to  obtain  a  copy  and  its  cost. 


'Wodzinski,  Claudia,  and  Eldona  Hahm.  1966.  A 
computer  program  to  determine  yield  of  lumber. 
34  p.,  illus.  USDA  Forest  Prod.  Lab.,  Madison,  Wise. 


«Englerth,  George  H.,  and  David  R.  Schumann. 
1969.  Charts  for  calculating  dimension  yields  from 
hard  maple  lumber.  USDA  Forest  Serv.  Res.  Paper 
FPL- 118.  12  p.,  USDA  Forest  Prod.  Lab.,  Madison, 
Wise. 


APPENDIX 


Description  of  Board  Input  Data^ 


I.    Header  Card:    One  card  for  each  hoard. 


Item 
Board  number 

Card  type 


Number  of  defects 
Number  of  cards 


Card  Column 
1-5 

13 


22-25 
36-38 


II. 


Outline  Card  and  Defect  Card: 
for  each  defect. 


Description 
Up   to   a   five   digit    number    to    indicate   board 
number.'" 

One  digit  number  to  identify  tbe  card  as  a 
header  card.  There  will  be  a  1  in  this  column 
for  all  header  cards. 

Up  to  a  four  digit  number  to  specify  the  num- 
ber of  defects  contained  in  the  board. 
Up  to  a  three  digit  number  to  specify  the  total 
number  of  cards  jjertaining  to  the  board;  the 
count  to  include  the  header  card,  outline  card, 
and  all  defect  cards  for  the  board. 


One  outline  card  for  each  board  and  one  defect  card 


Item 
Board  number 
Species 

Inspected  grade 


Verified  grade 
Card  type 
Board  side 

Board  width 
Defect  code 
Lower  left  X 


Card  Column 
1-5 
6-8 

10 


12 
13 
14 

15-17 
18-21 
22-25 


Lower  left  Y 

26-28 

Upper  right  X 

29-32 

Upper  right  Y 

33-35 

Card  number 

36-38 

Description 
Five  digit  number  to  indicate  board  number. 
Three  digit  number  to  identify  species  group: 
833  red  oak  and  834  white  oak. 
One  digit  number  to  identify  the  grade  of  the 
board    as    determined    by     NHLA     inspector: 
FAS  =   1,  SEL  =  2,  No.  1  Common  =  3,  and 
No.  2  Common  =   4. 

One  digit  number  to  identify  the  grade  of  the 
board  as  determined  by  laboratory  techniques. 
Same  code  as  for  inspected  grade. 
One  digit  number  to  identify  the  card  as  either 
a  defect  card  or  the  board  outline  card:  outline 
card  =  2,  a  defect  card  =  3. 
One  digit  number  to  indicate  if  the  defect  is  on 
the  grade  side  of  the  board  (the  side  that  the 
NHLA  inspector  uses  in  determining  grade  of 
the  board)  or  on  the  back  side:  grade  side  =  1, 
back  side  =   2. 

Three  digit  number  indicating  the  width  of  the 
board  to  the  nearest  V4  inch,  i.e.  a  board  12 
inches  wide  would  be  recorded  as  048. 
Four  digit  number  to  identify  the  type  of  de- 
fect. See  table  3  for  a  listing  of  the  defect 
codes. 

Four  digit  number  to  indicate  the  position  of 
the  lower  X  coordinate  of  a  rectangle  that 
would  (a)  enclose  the  board  if  the  card  is  an 
outline  card,  or  (b)  enclose  a  defect  if  the  card 
is  a  defei't  card. 

Three  digit  number  to  indicate  the  position  of 
the  lower  Y  coordinate  of  the  rectangle. 
Four  digit  number  to  indicate  the  position  of 
the  upper  X  c'oordinate  of  the  rectangle. 
Three  digit  number  to  indicate  the  position  of 
the  upper  Y  coordinate  of  the  rectangle. 
Three   digit   number   to   serialize    the   cards   of 
each  board. 


'All  data  entries  are  right  justified. 

"For  identification,  each  board  was  assigned  a  number. 
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Deriving 

FAIR  INCENTIVES 

for  l\/lanagement  of 
Hardwood  Timber  Stands 

ABSTRACT 

The  authors  present  a  practical  method  for  deriving  timber- 
management  incentive  payments  and  demonstrate  its  application 
in  forest  stands  of  upland  hardwoods.  The  suggested  incentive  pay- 
ment is  based  on  the  differences  between  discounted  costs  and 
returns  of  deliberate  forest  management  and  the  "harvest  and  let 
grow"  option. 


I  ODAY  WE  ARE  witnessing  new  interest 
in  action  programs  designed  to  improve 
the  timber  productivity  of  private  non-indus- 
trial forests.  But  small  private  woodland 
owners  remain  an  apathetic  clientele.  Few  of 
them  believe  that  investments  in  forestry  are 
worthwhile.  As  John  R.  McGuire  (5),  Chief 
of  the  Forest  Service,  recently  said: 

A  wealth  of  research  studies  and  practical 
experience  has  made  clear  the  fact  that  most 
owners  of  small  forest  tracts  are  not  moti 
vated  or  not  able  to  make  the  investments 
needed  to  improve  their  forest  resources.  .  .  . 
The  competition  for  the  landowner's  dis- 
posable income  is  keen — the  payoffs  he  gets 
from  forestry  investments  to  meet  his  objec- 
tives are  long  delayed,  and  investments  for 
some  practices  that  would  benefit  the  public 
as  a  whole  may  not  necessarily  appeal  to 
the  individual  landowner  at  all.  These  fac- 
tors preclude  any  likelihood  of  substantial 
progress  or  a  high  level  of  investment  with- 
out some  form  of  financial  incentives. 

Cash  incentive  payments  apparently  offer 
a  means  for  persuading  these  owners  to 
practice  good  timber  management.  But  what 
constitutes  a  fair  incentive  payment?  We  offer 


a  practical  approach  to  this  problem  and  can 
demonstrate  its  application  in  forest  stands  of 
upland  hardwoods. 

APPROACH 

"Harvest  and  let  grow"  is  probably  the 
most  common  approach  to  timber  manage- 
ment by  the  private  non-industrial  woodland 
owner.  If  markets  for  his  timber  exist,  he  can 
sell  the  merchantable  volume  in  his  stand, 
put  the  money  into  his  best  capital  earning 
opportunity  —  or  spend  it  —  and  depend  on 
nature  to  grow  him  a  new  stand  of  trees. 

Few  foresters  condone  this  practice.  But 
they  must  admit  to  certain  undeniable  ad- 
vantages that  it  has  over  most  recommended 
systems  of  management.  The  woodland  owner 
reaps  an  immediate  cash  income,  incurs  no 
out-of-pocket  costs,  and  foregoes  the  prob- 
lems of  risk  and  uncertainty  associated  with 
long-term  investments  in  timber  growing.  No 
wonder  the  practice  is  appealing. 


Because  of  its  inherent  appeal,  the  "harvest 
and  let  grow"  option  provides  a  logical  stand- 
ard for  gaging  the  relative  worth  of  other 
timber-producing  alternatives.  The  net  return 
to  the  landowner  from  any  recommended  sys- 
tem of  timber  production  should  be  at  least 
as  great  as  that  from  the  "harvest  and  let 
grow"  method.  If  not,  the  owner  should  re- 
ceive a  cash  payment  to  make  up  the  dif- 
ference. Only  then  would  we  expect  him  to 
consider  the  recommended  system. 

In  this  paper  we  consider  only  timber- 
producing  alternatives  and  make  no  attempt 
to  evaluate  the  potential  impact  of  these 
alternatives  on  wildlife  habitat,  water  yields, 
aesthetics,  and  other  products  and  services. 
In  cases  where  gains  or  losses  in  the  output 
of  other  products  and  services  are  considered 
important  and  can  be  quantified,  they  should 
be  incorporated  into  the  calculation  of  incen- 
tive payments. 


APPLICATIONS 

Case  examples  will  demonstrate  the  use  of 
the  fair  incentive  payment  approach.  Consider 
these  two  typical  situations: 

•  Mr.  A  owns  a  tract  of  upland  hardwood 
exhibiting  a  history  of  poor  timber  man- 
agement. Much  of  the  stand  is  stocked 
with  old  cull  and  defective  trees  that  are 


not  worth  managing.  Without  treatment, 
noticeable  improvements  in  stand  condi- 
tion cannot  be  expected  for  several  years. 
Mr.  A's  best  market  opportunity  for  capi- 
tal investment  is  the  local  savings  and  loan 
association,  where  he  earns  a  compound 
rate  of  return  of  6  percent  on  deposits. 

•  Mr.  B  owns  a  stand  of  upland  hardwood 
that  is  fully  stocked,  mainly  with  sound 
immature  trees  of  desirable  species.  Proper 
treatment  could  result  in  a  substantial  in- 
crease in  the  yield  of  high-value  timber. 
Mr.  B's  best  market  opportunity  for  capi- 
tal investment  is  the  local  bank,  which 
pays  a  compound  rate  of  5  percent  on 
savings. 

Suppose  Mr.  A  and  Mr.  B  are  approached 
by  the  local  service  forester.  This  public  agent 
wants  both  of  them  to  use  proven  methods 
of  sound  silviculture  to  improve  the  condition 
and  productivity  of  their  forest  tracts. 

He  tells  Mr.  A  that  his  stand  of  trees  is  not 
fully  utilizing  its  site  and  cannot  be  expected 
to  do  so  for  many  years.  The  tract  should 
therefore  be  regenerated  as  soon  as  possible. 
The  resulting  new  stand  should  then  be 
cleaned  and  periodically  thinned  so  as  to 
maximize  yields  and  promote  the  rapid 
growth  of  timber  to  a  mature  stage  of  de- 
velopment. 

He  advises  Mr.  B  to  make  an  improvement 


Table  1. — Management  schedule  for  Mr.  A:   freatmenfs,  costs,  yields,  and 
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Timber 

Sawtimber 
included  in 

Value 
of 

costs 

removals 

timber  removals 

removals 
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76 

10 
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21 

0 

0 
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30 
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— 
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0 

12 

42 
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— 

5.0 

0 

13 

52 
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— 

5.1 

0.9 

25 

62 

(Commercial 
thinning 

— 

5.8 

1.8 

53 

70 
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— 

29.9 

12.0 
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34 

59.4 

16.3 

853 

Table  2. — Management  schedule  for  Mr.  6;   treatments,  costs,  yields,  and 

returns  per  acre 


Year 


Treatment 


Treatment 
costs 


Sawtimber  Value 

I  included  in  of 

removals    tjn^i^gr  removals    removals 


Timber 


Dollars 

Cords 

MBF 

Dollars 

0 

Improvement 
cutting 

16 

1.0 

0 

0* 

12 

Commercial 
thinning 

— 

5.0 

0 

12 

22 

Commercial 
thinning 

— 

5.0 

1.1 

14 

32 

Commercial 
thinning 

— 

5.0 

1.8 

23 

42 

Commercial 
thinning 

— 

5.1 

2.1 

55 

50 

Harvest 
Total 

— 

33.7 

15.1 

750 

16 

54.8 

20.1 

854 

Cut  at  year  0  is  not  operable  and  therefore  has  no  market  value. 


cutting  on  his  fully  stocked  stand  immedi- 
ately to  provide  adequate  growing  space  for 
potential  crop  trees.  The  stand  should  then 
be  thinned  periodically  to  promote  the  rapid 
development  and  maturity  of  high-quality 
timber. 

The  service  forester  prepares  a  management 
plan  for  each  tract.  It  includes  a  schedule  of 
specific  treatments  and  provides  estimates 
of  per-acre  costs,  yields,  and  returns.  The 
examples  used  here  are  actual  cases  from  a 
current  study  of  opportunities  for  intensive 
timber  management  in  upland  hardwood 
stands  of  the  Northeast. 

If  Mr.  A  follows  the  forester's  advice,  he 
(or  his  descendants)  can  expect  to  cut  sound 
timber  worth  $853  from  each  acre  of  his  forest 
tract  during  the  next  70  years  (table  1).  He 
would  spend  $34  on  each  acre  for  regeneration 
cuttings  and  pre-commercial  thinnings.  The 
present  net  value  from  this  proposed  action, 
at  Mr.  A's  best  opportunity  for  capital  invest- 
ment (6  percent),  would  be  $69  per  acre. 

If  Mr.  B  adheres  to  the  management  plan, 
he  can  expect  to  harvest  timber  worth  $854 
from  each  acre  of  his  forest  tract  during  the 
next  50  years  (table  2).  He  would  spend  $16 
per  acre  for  improvement  cutting.  The  present 
net  value  from  this  action,  at  Mr.  B's  best 
opportunity  for  investment  (5  percent),  would 
be  $73  per  acre. 


Now  suppose  each  owner  chooses  to  ignore 
the  service  forester's  advice  and  decides  in- 
stead to  harvest  and  sell  all  the  merchantable 
volume  on  his  tract  and  let  nature  develop  a 
new  stand  of  timber. 

If  Mr.  A  follows  this  "harvest  and  let  grow" 
strategy,  he  would  reap  an  immediate  cash 
income  of  $76  per  acre.  The  projected  value 
of  his  new  stand,  70  years  hence,  would  be 
$146  per  acre.  The  present  net  value  from 
"harvest  and  let  grow",  at  Mr.  A's  best  oppor- 
tunity for  capital  investment  (6  percent), 
would  be  $78  per  acre. 

If  Mr.  B  follows  the  "harvest  and  let  grow" 
strategy,  he  would  receive  $82  per  acre  now. 
And  the  projected  value  of  his  new  stand, 
50  years  hence,  would  be  $100  per  acre.  The 
present  net  value  from  this  action,  at  5  per- 
cent, would  be  $91  per  acre. 

For  both  woodland  owners,  the  present  net 
value  from  the  "harvest  and  let  grow"  option 
would  exceed  the  present  net  value  from  the 
management  strategy  recommended  by  the 
service  forester.  Thus  if  Mr.  A  and  Mr.  B 
are  expected  to  follow  the  recommended  for- 
estry strategies,  both  should  receive  an  incen- 
tive payment.  The  amount  of  that  payment 
would  equal  the  difference  in  net  value  be- 
tween "harvest  and  let  grow"  and  the  recom- 
mended forestry  strategy: 


Strategy: 


Present  net  value  per  acre  to- 


Mr.  A 

Mr.B 

Harvest  and  let  grow 

$78 

$91 

Recommended  forest 

management 

69 

73 

Difference  = 

suggested  incentive 

$  9 

$18 

Mr.  A  would  receive  a  cash  payment  of  $9 
per  acre,  and  Mr.  B  would  receive  a  payment 
of  $18  per  acre.  In  cases  where  the  net  value 
of  the  recommended  forestry  action  exceeded 
the  net  value  of  "harvest  and  let  grow",  no 
incentive  payment  would  be  warranted. 


DISCUSSION 

This  is  a  practical  method  for  deriving  fair 
timber-management  incentive  payments.  On- 
the-ground  application  of  this  technique 
would  require  reahstic  estimates  of  costs, 
yields,  and  returns  for  each  case  encountered 
in  the  field.  Accurate  estimates  of  short-run 
cash  flows  would  be  especially  important.  A 
small  error  in  the  estimate  of  a  receipt  (or 
expenditure)  expected  in  the  next  few  years 
might  be  critical,  whereas  a  large  error  in  the 
estimate  of  a  receipt  (or  expenditure)  ex- 
pected several  decades  from  now  might  be 
relatively  insignificant.  For  example,  at  a 
discount  rate  of  6  percent,  the  present  net 
value  of  a  $10  error  in  the  estimate  of  a  value 
expected  10  years  from  now  would  be  $5.58. 
But  the  present  net  value  of  a  $100  error  in 
the  estimate  of  a  value  expected  70  years  from 
now  would  be  only  $1.69. 

The  incentive  payments  yielded  by  this 
approach  can  be  considered  fair,  at  least  in 
a  strict  economic  sense.  But  there  is  no 
guarantee  that  these  payments  would  induce 
woodland  owners  to  practice  forestry.  The 
individual's  decision  to  follow  recommended 
systems  of  timber  production  will  depend  on 
a  number  of  factors,  not  the  least  of  which 


are  his  willingness  to  wait  for  a  return  on 
his  investment  and  his  willingness  to  pro- 
duce a  stand  of  high-quality  trees  for  future 
generations. 

Receipts  forthcoming  in  the  far  distant 
future  are  likely  to  have  little  impact  on  his 
decision  to  manage.  If  Mr.  A  decided  to 
"harvest  and  let  grow",  he  would  receive  an 
immediate  income  of  $76  per  acre.  If  he  chose 
instead  to  follow  the  management  schedule 
proposed  by  the  service  forester,  he  would 
still  get  the  $76.  But  he  would  also  spend  $13 
per  acre  for  regeneration  cuttings.  When  the 
incentive  payment  of  $9  is  added,  his  net 
return  at  the  outset  of  this  venture  would  be 
$72  per  acre,  which  approaches  but  still  falls 
short  of  the  $76  that  would  be  yielded  by  the 
"harvest  and  let  grow"  strategy.  A  short-run 
analysis  of  Mr.  B's  alternatives  produces  a 
similar  outcome. 

In  any  case,  the  incentive  payment  would 
enhance  the  economic  desirability  of  the  rec- 
ommended forestry  strategy.  And  the  wood- 
land owner  who  practices  good  silviculture  can 
look  forward  (with  a  high  degree  of  certainty) 
to  substantial  improvements  in  the  quality 
and  productivity  of  his  timber  tract. 
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FISHERMEN  EXPECTATIONS 
and  PAY- LAKE  PROFITS 


ABSTRACT 

Personal  interviews  with  licensed  fishermen  in  Central  New  York 
State  were  used  to  determine  characteristics  of  fishermen  who  are 
willing  to  pay  to  fish.  Willingness  to  pay  was  related  to  aspects 
of  the  fishing  experience  that  most  strongly  influenced  fishing  enjoy- 
ment. Sixty-two  percent  of  the  respondents  expressed  a  willingness 
to  pay  for  a  quality  fishing  experience.  Study  results  suggest  that 
much  instability  in  the  pay-lake  fishing  market  may  be  due  to  the 
failure  of  individual  operators  to  adequately  consider  all  of  the 
costs  involved  in  providing  quality  fishing  experiences. 


j-'EOPLE  WHO  run  commercial  recreation 
businesses  have  responded  quickly  to  the 
demands  for  outdoor  recreation  services  and 
facilities.  Yet  most  of  the  growth  in  commer- 
cial outdoor  recreation  has  occurred  haphaz- 
ardly, without  benefit  of  information  about 
consumer  markets.  This  has  been  true  of  com- 
mercial pay-lake  (a  pond  or  lake  where  people 
pay  for  the  privilege  of  catching  fish)  enter- 
prises. 

Profits  from  commercial  pay-lakes  have 
seldom  met  owner  expectations.  Case  studies 
have  shown  that  pay-lake  operators  seldom 
make  enough  profit  to  pay  for  their  own  labor 
(Jordan  1962;  Owens  1964;  Street  1967). 
Yet,  this  study  and  other  similar  ones  indi- 
cate that  a  significant  proportion  of  fisher- 
men say  that  they  are  willing  to  pay  to  fish. 
Surveys  of  licensed  fishermen  in  the  North- 
eastern States  revealed  that  33  to  50  percent 
were  willing  to  pay  a  landowner  for  the  oppor- 
tunity to  fish  on  his  land  (Bevins  et  al.  1968). 

Why  then  have  commercial  pay-lake  opera- 
tions met  with  limited  financial  success?  Part 
of  the  instability  in  the  pay-lake  market  may 


be  due  to  an  inadequate  consideration  of  what 
the  commercial  operator  can  profitably  pro- 
vide as  opposed  to  what  people  expect  from 
and  are  willing  to  pay  for  pay-lake  fishing 
experiences. 


THE  STUDY 

The  information  presented  here  was  ob- 
tained from  personal  interviews  conducted 
during  the  summers  of  1969  and  1970  with 
95  adult  licensed  fishermen.  Respondents  were 
randomly  sampled  from  anglers  who  fished 
in  three  ponds  managed  by  the  State  Univer- 
sity of  New  York  College  of  Environmental 
Science  and  Forestry.  Each  fisherman  was 
interviewed  to  determine  his  past  fishing 
experience,  socio-economic  background,  and 
fishing  expectations. 

The  three  ponds  are  located  20  miles  south 
of  Syracuse,  New  York,  on  the  Heiberg 
Memorial  Forest.  In  addition  to  student  in- 
struction, the  ponds  are  used  for  limnological 
and    fisheries   research.    The    College    fishing 
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project  began  in  1965.  Since  then  the  ponds 
have  provided  1,405  days  of  fishing  for  543 
fishermen. 

The  ponds,  ranging  in  size  from  5  to  14 
acres,  are  located  at  the  base  of  rolHng  terrain 
and  are  surrounded  by  conifer  and  deciduous 
trees.  In  their  setting  they  look  more  natural 
than  man-made.  Fishermen  often  comment 
on  the  enjoyment  they  receive  from  the 
natural  beauty  of  the  pond  surroundings. 

Fingerlings,  2  to  4  inches  long,  are  stocked 
annually,  with  alternate  stockings  of  brook 
and  rainbow  trout.  The  number  of  fish  caught 
and  the  time  required  to  catch  fish  varies 
considerably  from  pond  to  pond,  over  the 
season,  and  from  year  to  year.  During  the 
first  4  years  of  the  fishing  project,  fish  caught 
averaged  11.8  inches  in  length  and  12.4  ounces 
in  weight.  Fishermen  who  participated  in  the 
College  project  fished  for  an  average  of  3.5 
hours  each  time. 

These  fishermen  were  required  to  provide 
information  about  their  catch  and  were 
encouraged  to  give  information  about  their 
fishing  experience.  Pond  fishing  pressure  is 
controlled  through  permits,  which  are  issued 
on  a  first-come,  first-served  basis,  and  are 
returned  before  leaving  the  pond.  Written  on 
the  fishing  permit  is  the  question,  "If  the 
Heiberg  ponds  were  under  private  ownership, 
what  is  the  maximum  amount  you  would  be 
willing  to  pay  for  a  permit  that  would  allow 
you  to  catch,  3,  5,  and  10  trout,  recognizing 
that  the  permit  would  not  guarantee  catch 
success?"  Answers  to  the  question  were  pro- 
vided by  350  anglers. 


STUDY  RESULTS 

Description  of  Study  Group 

Respondents  were  all  residents  of  central 
New  York  State.  They  traveled  a  one-way 
distance  of  less  than  30  miles  to  the  Heiberg 
ponds.  Males  accounted  for  87  percent  of  the 
study  group.  The  anglers  averaged  42  years 
in  age.  They  averaged  17  fishing  years  experi- 
ence and  had  spent  an  average  of  14  days 
fishing  during  the  year  before  the  survey. 
Fifty  percent  did  most  of  their  fresh-water 
fishing  in  ponds  and  lakes,  37  percent  fished 


in  rivers  and  streams,  and  13  percent  fished 
about  equally  in  both.  Twenty-eight  percent 
of  the  respondents  owned  fishing  boats,  and 
37  percent  owned  outboard  motors.  Fourteen 
percent  of  the  fishermen  surveyed  had  previ- 
ously paid  to  fish  in  a  commercial  pay-lake. 

Professional  people  made  up  the  largest 
occupational  group  (25  percent),  followed  by 
managers  and  service  workers  (12  percent 
each).  Craftsmen,  clerical  workers  and  house- 
wives each  made  up  8  percent  of  the  sample. 
Students  accounted  for  14  percent,  and  re- 
tired people  accounted  for  8  percent.  The 
remaining  5  percent  were  laborers.  Fishermen 
in  the  work  force  worked  an  average  of  43 
hours  per  week  during  the  summer  and  had 
an  average  of  20  hours  of  free  time  per  week. 

Fishermen  from  whom  data  were  collected 
were  sampled  from  among  licensed  fishermen 
who  agreed  to  participate  in  the  Heiberg 
research  project  by  obtaining  a  permit  and 
providing  information  about  their  catch. 
Therefore,  a  question  may  be  raised  about 
whether  or  not  the  group  surveyed  was  repre- 
sentative of  the  general  fishing  public.  In 
terms  of  background  characteristics — age,  sex, 
fishing  experience,  and  occupation — the  sur- 
vey group  compares  closely  with  characteris- 
tics of  licensed,  freshwater  fishermen  found  in 
surveys  of  the  general  fishing  public  {Bevins 
et  al.  1968). 

Comparison  Between 
Wiiiingness-To-Pay  Groups 

Fishermen  were  divided  into  two  groups 
based  on  their  willingness  to  pay  for  pond 
fishing.  Statistical  tests  were  run  to  deter- 
mine the  diflferences  between  the  two  groups 
in  background  characteristics  and  fishing  ex- 
pectations. Results  of  these  comparisons 
should  be  useful  to  pay-lake  operators  in 
directing  their  marketing  programs  toward 
those  fishermen  who  are  most  likely  to  pay 
to  fish. 

Fisiierman  Characteristics 

Significant  differences  were  found  to  exist 
between  characteristics  of  fishermen  who 
would  and  those  who  would  not  pay  to  fish. 
Fishermen   over   40   years   of  age   were   less 


willing  to  pay  to  fish  than  younger  anglers. 
While  70  percent  of  the  younger  group  said 
they  would  pay,  only  53  percent  of  the  older 
fishermen  felt  the  same  way. 

Educational  background  was  also  related 
to  willingness  to  pay.  Forty-seven  percent  of 
the  anglers  with  high  school  degrees  or  less 
said  they  would  pay  to  fish  as  compared  to 
73  percent  of  fishermen  who  had  attended 
college. 

The  amount  of  free  time  available — time 
not  devoted  to  work,  household  chores,  or 
family  responsibilities — was  significantly  re- 
lated to  a  fisherman's  willingness  to  pay. 
Seventy-three  percent  of  fishermen  having  an 
average  of  20  hours  or  less  of  free  time  per 
week  were  willing  to  pay  as  compared  to 
47  percent  of  those  having  more  free  time. 

Whether  or  not  a  fisherman  had  previously 
paid  to  fish  apparently  had  an  influence  on 
his  willingness  to  pay  in  the  future.  Of  those 
fishermen  who  had  previously  paid  to  fish, 
92  percent  were  willing  to  pay,  while  only 
49  percent  who  had  not  previously  paid  felt 
this  way. 

From  a  marketing  standpoint,  fisherman 
characteristics  that  were  not  associated  with 
willingness  to  pay  may  be  more  important 
that  those  that  were.  For  example,  it  was  felt 
that  a  fisherman's  background  residence — 
where  he  lived  during  childhood — would  have 
a  relationship  to  willingness  to  pay.  However, 
study  data  did  not  support  this  notion.  A 
fisherman's  occupation,  the  amount  of  time 
devoted  to  his  primary  job,  the  number  of 
years  he  had  fished,  and  the  type  of  fishing 
equipment  he  owned  and  whether  he  had 
previously  fished  in  the  Heiberg  ponds  had 
no  relationship  to  his  willingness  to  pay. 

Fishing  Expectations 

Fishermen  were  asked  to  rank  the  relative 
importance  value  of  eight  factors  that  influ- 
enced their  enjoyment  of  a  typical,  1-day 
fishing  trip  (fig.  1).  Although  the  factors  did 
not  include  all  of  the  many  elements  that 
influence  fishing  enjoyment,  aspects  of  the 
fishing  experience  that  can  be  partially  influ- 
enced by  pay-lake  operators  were  considered. 

Regardless  of  their  attitude  toward  pay- 
ment of  a  fee,  fishermen  consistently  ranked 


Figure  1. — What  fishermen  look  for  in  a 
fishing  experience  and  their  willingness  to 
pay  to  fish. 
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three  factors — clean  water,  natural  beauty  of 
the  fishing  area,  and  privacy — as  having  the 
greatest  influence  on  their  fishing  enjoyment 

(fig.  1). 

Size  and  number  of  fish  caught  were  ranked 
fourth  and  sixth,  respectively,  in  overall  im- 
portance by  both  groups  of  fishermen.  How- 
ever, there  was  a  significant  difference  between 
the  magnitude  of  the  two  rankings.  Fishermen 
who  were  not  willing  to  pay  a  fee  ranked  the 
size  and  number  of  fish  caught  as  being  more 
important  to  their  fishing  enjoyment  than 
fishermen  who  were  willing  to  pay.  Access  to 
fishing  waters,  seventh  in  overall  importance, 
was  more  important  to  those  fishermen  who 


would  not  pay  to  fish  than  to  those  who  would 
pay  (fig.  1). 

Few  differences  were  found  in  the  way  the 
two  groups  ranked  the  eight  factors.  There- 
fore, fishermen  desire  much  more  from  their 
fishing  experience  than  merely  catching  fish. 
They  want  quality  fishing  experiences  in 
uncrowded,  beautiful,  natural  surroundings. 
Whether  or  not  this  kind  of  experience  can  be 
provided  at  a  profit  depends  on  how  much 
fishermen  are  really  willing  to  pay  for  such 
an  experience  and  on  whether  other  fishing 
areas  are  available  that  provide  such  an 
experience  at  a  lower  or  no  cost. 

Amount  Fishermen 
are  Willing  to  Pay 

Three  out  of  five  fishermen  in  this  study 
said  that  they  would  be  wilhng  to  pay  for  a 
permit  that  would  allow  them  to  catch  3,  5, 
or  10  trout,  with  no  guarantee  of  success. 
Data  summarized  from  350  permits  were  used 
to  develop  price  frequency  curves  for  each  of 
the  three  permit  levels.  These  curves  show  the 


Figure  2. — Amount  fishermen  are  willing  to 
pay  for  3-,  5-,  and  lO-trout  permits.  Data 
summarized  from  response  of  350-  licensed 
fishermen  who  said  they  would  pay  to  catch 
stocked  trout  in  the  Heiberg  Forest  ponds, 
with  no  guarantee  of  catch  success. 
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percentage  of  fishermen  who  said  they  would 
pay  a  specific  amount  or  more  for  each  permit 
(fig.  2). 

All  willing  fishermen  said  that  they  would 
pay  at  least  $0.50  for  a  3-fish  permit,  $1.00 
for  a  5-fish  permit,  and  $1.75  for  a  10-fish 
permit.  Half  of  them  were  willing  to  pay  at 
least  $1.50  for  a  3-fish  permit,  $3.00  for  a 
5-fish  permit,  and  $4.50  for  a  10-fish  permit. 
Forty  percent  of  the  fishermen  stated  that 
they  would  pay  $5.00  or  more  for  a  10-fish 
permit,  and  15  percent  indicated  that  they 
would  pay  $10.00  or  more,  even  without  the 
assurance  of  catching  fish  (fig.  2).  It  should 
be  emphasized  that  the  fishermen  were  not 
only  reacting  to  their  willingness  to  pay  a  fee 
to  catch  fish,  but  to  their  willingness  to  pay 
for  the  total  fishing  experience. 


DISCUSSION 

Pay-lake  operators  need  to  provide  a  com- 
plete fishing  experience — an  experience  that 
is  in  direct  competition  with  other  similar 
experiences  available  at  no  charge.  The  ques- 
tion pay-lake  operators  must  ask  is,  can  such 
an  experience  be  provided  at  a  profit? 

The  concept  of  "carrying  capacity"  may  be 
useful  in  developing  a  pay-lake  marketing  pro- 
gram. Carrying  capacity  refers  to  the  amount 
of  fishing  use  that  a  given  lake  can  sustain 
without  substantial  reduction  in  the  quality 
of  fishing  experience.  Carrying  capacity  must 
be  evaluated  in  the  context  of  what  the  fisher- 
man is  willing  to  pay  for  a  given  experience 
in  relation  to  what  it  costs  to  provide  that 
experience. 

The  biological  carrying  capacity  of  a  lake 
can  be  influenced  through  management  prac- 
tices. Most  pay-lake  operators  rely  on  periodic 
stocking  to  insure  an  abundance  of  catchable 
fish.  Pond  fertilization  and  fish  feeding  can 
help  to  insure  fish  survival.  Damage  to  other 
ph  vesical  aspects  of  the  fishing  environment 
can  be  controlled  through  site  reinforce- 
ment— construction  of  walkways,  fencing,  tree 
plantings,  etc. 

Carrying  capacity  is  also  influenced  by  the 
number  of  fishermen  who  use  a  lake.  As 
crowding  increases,  the  carrying  capacity  of 


a  lake  decreases  because  of  a  reduction  in  the 
quality  of  fishing  experience  received.  The 
carrying  capacity  may  be  limited  more  by 
factors  that  influence  the  quality  of  fishing 
experience  than  by  biological  characteristics 
of  the  lake. 

The  pay-lake  operator  must  try  to  insure 
that  the  carrying  capacity  of  his  lake  is  not 
exceeded.  One  real  difficulty  he  faces  is  that 
the  quality  of  the  product  he  produces 
(a  day's  fishing  experience)  is  reduced  as  his 
level  of  production  increases.  As  more  and 
more  fishermen  use  his  lake,  the  quality  of 
experience  goes  down.  Of  course,  to  combat 
this  situation,  the  operator  can  restrict  use 
to  the  level  at  which  a  quality  fishing  experi- 
ence will  be  provided.  The  real  question,  how- 
ever, is  whether  this  level  of  use  is  high 
enough  to  allow  him  to  make  a  profit. 

The  Heiberg  experiments  are  a  case  in 
point.  Quality  fishing  is  maintained  through 
stocking  and  controls  on  the  number  of  fisher- 
men who  are  allowed  to  use  the  ponds  at  any 
one  time.  The  maximum  number  of  fishermen 
allowed  on  a  pond  is  three  per  day.  Fishermen 
overwhelmingly  are  willing  to  pay  for  the  ex- 
perience— but  the  ponds  are  not  operated  for 
profit.  Although  data  have  not  been  compiled, 
it  is  reasonable  to  assume  that  the  cost  of 
providing  this  exceptionally  high  quality  ex- 
perience would  be  much  greater  than  the 
revenue  that  would  be  received  if  the  ponds 
were  operated  commercially. 

Although  this  study  does  provide  some  in- 
sights about  the  characteristics  of  potential 
pay-lake  consumers,  further  market  study  is 


needed  to  determine  the  influence  of  accessi- 
bility to  free  public  fishing  waters  on  a  fisher- 
man's wiUingness  to  pay.  Furthermore,  this 
study  only  considered  fishermen  who  were 
licensed  to  fish  and  who  came  to  the  Heiberg 
ponds  to  fish  for  trout.  Whether  these  are 
typical  of  clientele  at  commercial  pay-lakes 
remains  to  be  determined. 

The  information  collected  in  this  study  is 
admittedly  limited.  However,  some  important 
questions  are  raised  that  pay-lake  operators 
should  ask  themselves  before  making  addi- 
tional investments: 

•  Whom  can  I  serve? 

•  What  kind  of  fishing  experience  can  I  pro- 
vide that  is  not  readily  available  at  no 
charge? 

•  What  are  the  costs  involved  in  providing 
a  fishing  experience  that  is  not  readily 
available  elsewhere? 

•  Do  I  have  the  resources  to  provide  the 
quality  fishing  experience  desired? 

•  What  are  people  willing  to  pay  for  the 
experience? 

•  Can  I  make  a  profit? 

There  are  no  easy  answers  to  these  ques- 
tions. The  answers  must  be  determined  indi- 
vidually for  each  pay-lake  operator.  Unless 
the  commercial  pay-lake  operator  tries  to 
answer  these  questions  honestly,  the  pay-lake 
fishing  market  may  continue  to  be  as  uncer- 
tain as  it  has  been  in  the  past. 
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EFFECT  OF  CALCIUM  CYANAMIDE 

On  Growth  and  Nutrition 
Of  Planted  Yellow -Poplar  Seedlings 


ABSTRACT 

Calcium  cyanamide,  a  nitrogenous  fertilizer  that  also  acts  as  an 
herbicide,  was  evaluated  over  a  3-year  period  for  use  in  establishing 
planted  yellow-poplar  on  an  old-field  site.  Results  of  this  study  show 
that  first  and  second  year  growth  of  yellow-poplar  can  be  increased 
by  broadcasting  CaCN^  around  the  seedlings.  When  applied  at  rates 
of  400  to  500  pounds  of  nitrogen  per  acre,  CaCN.  eliminated  com- 
peting ground  cover  and  supplied  nitrogen  to  the  seedlings  that 
promoted  vigor  and  rapid  early  growth. 


QaLCIUM  cyanamide,  (CaCN^),  a 
nitrogen  fertilizer  that  also  acts  as  an 
herbicide,  was  evaluated  over  a  3 -year  period 
for  use  in  establishing  planted  yellow-poplar 
on  an  old-field  site.  Results  of  this  study  show 
that  first  and  second  year  growth  of  yellow- 
poplar  can  be  increased  by  broadcasting 
CaCN2  around  the  seedlings.  When  applied 
at  rates  of  400  to  500  pounds  of  nitrogen  per 
acre,  CaCN.  eliminated  competing  ground 
cover  and  supplied  nitrogen  to  the  seedlings 
that  promoted  vigor  and  rapid  early  growth. 
Control  of  competing  vegetation  was  limited 
mainly  to  the  first  season,  but  a  portion  of 
the  nitrogen  supplied  by  the  cyanamide  was 
available  during  the  second  year.  As  a  result 
of  these  tests,  we  recommend  this  material  for 
yellow-poplar  plantings  on  sites  where  there 
is  a  need  to  eliminate  competing  ground  cover 
and  where  nitrogen  supply  may  be  critical. 
Fertilization  has  been  recommended  as  a 
way  of  increasing  growth  of  planted  hardwood 
seedlings.  However,  surface-applied  nitrogen 
fertilizers  can  stimulate  growth  of  competing 


vegetation  to  the  extent  that  seedling  growth 
may  often  be  retarded.  Because  control  of 
ground  cover  by  plowing  and  disking  is  costly 
and  the  more  common  herbicides  that  might 
be  used  for  this  purpose  are  generally  toxic  to 
hardwoods,  there  is  a  need  for  a  nitrogenous 
fertilizer  that  does  not  stimulate  competing 
vegetation. 

Calcium  cyanamide  is  a  strongly  alkaline 
inorganic  compound  that  contains  about  21 
percent  nitrogen.  In  the  soil,  it  is  hydrolyzed 
to  urea  and  calcium  hydroxide  with  formation 
of  several  unstable  intermediate  cyanide  com- 
pounds that  are  toxic  to  both  seeds  and 
plants.  In  the  presence  of  ample  soil  moisture, 
the  toxic  substances  disappear  in  2  to  3  weeks 
(2,  5).  In  agriculture,  it  has  been  used  as  a 
pre-plant,  pre-emergent,  and  defoliating  her- 
bicide and  also  as  a  nitrogenous  fertilizer 
(4,  5,  6);  but  its  use  in  forestry  has  been 
limited  {1,  3,7).  Its  usefulness  for  establish- 
ing hardwoods  on  abandoned  agricultural  land 
has  not  heretofore  been  investigated. 


Between  1969  and  1971,  we  evaluated  the 
effects  of  CaCN.  on  the  control  of  competing 
vegetation  and  upon  the  growth,  survival, 
and  nutrition  of  yellow-poplar  {Liriodendron 
tulipifera  L.)  seedlings  planted  on  an  old  field 
site  in  north  central  West  Virginia.  In  these 
studies,  CaCNa  was  effective  as  a  nitrogen 
fertilizer  that  gave  simultaneous  control  of 
competing  sod  and  herbaceous  vegetation 
without  adverse  effects  on  the  seedlings. 


deposits  weathered  from  acid  gray  sandstone 
and  shale  of  adjoining  uplands,  is  deep  and 
well-drained.  The  Ap  horizon  averaged  7  inches 
deep  and  had  a  loamy  texture.  From  7  to  24 
inches,  the  soil  was  generally  loamy  to  light 
silt  loam;  and  between  24  and  60  inches,  the 
texture  was  predominately  fine  sand.  Fertility 
of  the  experimental  area  was  moderately  good 
—  probably  better  than  most  abandoned  agri- 
cultural sites  in  the  area  (table  1). 


THE  STUDY  AREA 

The  study  area  was  located  near  Leadmine, 
West  Virginia,  on  a  flat  bottomland  site 
(fig.  1).  Agriculture  was  discontinued  in  the 
area  12  years  before  the  study  began.  There 
was  a  variety  of  herbaceous  and  grass  species 
on  the  site  as  well  as  a  few  widely-scattered 
white  pine,  sycamore,  and  yellow-poplar 
seedlings. 

The  soil.  Pope  loam  formed  from  alluvial 


Table  1 

. — Average 

so(7  fertility  of  the  study  area' 

Horizon 

Sampling 

depth 

(inches) 

pH 

P          K           Ca        Mg 

C 

0-7 
7-12 

5.8 
5.4 

-  -  Pounds  per  acre  -  - 
22        101       2,470       63 
15          86          832       44 

"pH  by  glass  electrode  in  1:1  soil  water  solution; 
P  colorimetrically  after  extraction  with  0.002  N 
HiSOt;  K,  Ca,  Mg  by  atomic  absorption  after  extrac- 
tion with  NH4OA,.  Each  value  is  the  average  of  10 
samples. 


Figure  1. — The  study  area  was  a  topographically  uniform 
old-field  site. 


METHODS 

Early  in  1969,  we  installed  a  randomized 
complete  block  experiment  to  test  the  effects 
of  six  levels  of  CaCN,.  on  weed  control  and  on 
yellow-poplar  growth  and  nutrition.  Rates  of 
CaCN,  corresponded  to  0,  100,  200,  300,  400, 
and  500  pounds  per  acre  of  N.'  There  were 
five  blocks,  each  containing  six  9-tree  plots. 
In  each  plot,  trees  were  planted  in  three  rows 
at  a  spacing  of  5  by  5  feet.  Plots  were  sepa- 
rated by  10-foot  wide  isolation  strips. 

On  March  4,  1969,  1-0  yellow-poplar  seed- 
lings selected  for  their  uniformity  in  height 
and  stem  caliber  were  outplanted.  Before 
the  seedlings  were  planted,  their  roots  were 
pruned  to  8  inches.  Their  height  averaged 
10.2  inches,  and  only  seedlings  within  ±:  2 
inches  of  the  average  were  used. 

Pre-weighed  amounts  of  powdered,  reagent 
grade  CaCN^  for  each  of  the  treatment  rates 
were  each  mixed  with  a  pound  of  fine  sand 
to  give  the  material  bulk.  This  mixture  was 
broadcast  uniformly  over  a  3-foot  diameter 
area  surrounding  each  seedling  on  March  27, 
1969.  The  area  of  application  was  controlled 
by  a  circular  template  and  protective  sleeve 
placed  over  the  seedling  (fig.  2). 

The  height  of  the  seedlings  was  recorded 
at  planting  time  and  was  remeasured  at  the 
end  of  the  1969  and  1970  growing  seasons. 
Observations  on  control  of  competing  vegeta- 
tion were  made  weekly  in  1969  and  at  2-week 
intervals  in  1970. 

To  determine  the  effect  of  treatments  on 
the  nutrition  of  the  seedlings,  samples  of 
mature  leaves  free  from  insect  and  disease 
damage  were  collected  from  each  treatment 
plot  in  mid-September  of  1969  and  1970. 
Petioles  were  discarded  and  blades  were  dried 
at  70°  C,  weighed,  and  ground  to  pass  a 
20-mesh  screen.  N  was  determined  by  the 
Kjeldahl  method.  P  was  measured  by  the 
vanadomolybdophosphoric  yellow  method 
after  wet  washing  with  nitric  and  perchloric 
acids,  and  K,  Ca,  and  Mg  by  atomic  absorp- 
tion. Nutrients  in  the  leaves  were  expressed 


'These  rates  correspond  to  0,  34,  68,  102,  136,  and 
170  grams  of  CaCN;,  per  tree,  distributed  over  an 
area  of  7  square  feet. 


Figure  2. — A  circular  template  and  protec- 
tive sleeve  were  used  to  control  applica- 
tions of  CaCN2. 


as  concentration  (percent  of  leaf  dry  weight) 
and  as  content  (milligrams  per  leaf). 

In  the  spring  of  1971  when  the  seedlings 
were  3  years  old,  a  second  study  was  super- 
imposed on  the  original  study  to  determine: 
(1)  whether  CaCNo  could  be  safely  appHed 
to  established  yellow-poplar  seedlings;  (2) 
whether  protection  of  the  seedlings  from  the 
CaCN.,  was  necessary;  and  (3)  whether  time 
of  application  was  critical. 

The  new  study  treatments  were  applied  to 
75  seedlings  of  uniform  size  in  a  completely 
random  field  design.  Treatments  were  repli- 
cated 15  times  on  single-tree  plots,  which 
were  3  feet  in  diameter.  All  seedlings  except 
those  in  the  control  group  received  CaCN. 
(granular  form)  at  a  rate  of  500  pounds  N 
per  acre.  Triple  superphosphate  at  200  pounds 
per  acre  P^O,  was  applied  to  all  seedlings. 


Treatment  1 


Treatment  2 


Application  March  15 
with  seedlings  protected 

Application  May  1 
with  seedlings  protected 


Treatment  3  —  Application  June  15 

with  seedlings  not  protected 

Treatment  4  —  Application  June  15 

with  seedUngs  protected 

Treatment  5  —  Control 

Observations  on  the  control  of  competing 
vegetation  and  on  seedling  mortality  were 
made  periodically  throughout  the  growing 
season.  Seeding  height  was  measured  in  the 
dormant  season. 


RESULTS 

1969  Study 

Control  of  Competing 
Ground  Cover 

CaCn.  was  very  effective  in  controlling  com- 
peting ground  cover  when  applied  at  rates 
equivalent  to  400  or  500  pounds  of  N  per  acre 
(fig.  3).  At  300  pounds  per  acre,  it  was  con- 
siderably  less   effective   than   at   the   higher 


levels;  and  at  rates  of  100  or  200  pounds  per 
acre,  there  was  no  observable  difference  be- 
tween the  treated  plots  and  the  controls. 

At  the  400  and  500  pounds  per  acre  rates, 
much  of  the  ground  cover  was  killed  or  failed 
to  develop  substantially  during  the  first  grow- 
ing season.  Both  treatments  were  equally 
effective,  both  killed  ground  cover  immedi- 
ately, and  there  was  no  difference  in  the 
length  of  time  the  vegetation  was  suppressed. 
Excellent  control  of  goldenrod,  ragweed,  yar- 
row, thistles,  joe-pye-weed,  cinquefoil,  plan- 
tain, dock,  field  basil,  ground  ivy,  red  top, 
timothy,  and  velvet  grass  was  obtained. 
(Appendix  I). 

Dewberry  —  a  ground  running  member  of 
the  blackberry  family  —  was  only  partially 
controlled.  Although  the  aerial  parts  of  dew- 
berry were  killed,  roots  in  the  treated  areas 
had  sprouted  by  the  end  of  the  growing  season 
and  vines  from  adjacent  untreated  areas  had 
encroached  upon  the  plots. 

The  absence  of  annual  species  when  CaCN. 
was  applied  at  these  rates  suggests  that  all 


Figure  3. — CaCN2  broadcast  at  400-500  pounds  per  acre 
N  equivalent  effectively  ellnnlnated  most  ground  cover. 
Note  the  sharp  boundary  between  the  treated  and  un- 
treated areas  around  the  seedling. 


of  the  weed  seed  stored  in  the  surface  layer  of 
soil  was  killed. 

At  300  pounds  per  acre,  good  control  was 
obtained  early  in  the  growing  season;  but 
after  June,  plants  and  seeds  that  survived  the 
treatment  responded  vigorously  to  reduced 
competition  and  abundant  N  and  managed 
to  occupy  the  site  almost  fully  as  the  season 
progressed. 

In  the  beginning  of  the  second  growing 
season,  less  vegetation  was  observed  only  on 
plots  treated  at  400  and  500  pounds  per  acre, 
but  this  effect  diminished  as  the  season  pro- 
gressed. We  feel  that  the  initial  reduction  in 
cover  was  related  to  a  limited  seed  supply 
caused  by  the  almost  complete  kill  of  vege- 
tation in  the  preceding  year.  We  also  feel  that 
the  diminishing  effect  within  the  season  re- 
sulted from  rapid  development  of  fall-matur- 
ing species,  particularly  goldenrod,  which  grew 
quickly  with  limited  competition  and  ample 
N  supply. 

Seedling  Survival 

We  did  not  observe  any  seedling  mortality 
that  could  be  attributed  directly  to  the  CaCN,, 
treatments.  This  suggests  that  the  toxic  cyan- 
ide compounds  produced  in  the  soil  did  not 
penetrate  downward  into  the  rooting  zone  of 
the  planted  seedlings;  or  if  this  did  occur,  con- 
centrations were  so  diluted  that  they  were  not 
critical  to  yellow-poplar.  The  sharp  line  of 
lush  vegetation  outside  the  treated  plots  and 
within  the  small  untreated  area  surrounding 
the  seedlings  (fig.  3)  is  good  evidence  that 
these  compounds  are  immobile  and  do  not 
diffuse  laterally  within  the  soil  during  their 
short  life  span. 

Elimination  of  competing  vegetation  around 
the  seedlings  did  not  affect  first  or  second 
year  survival.  However,  where  competition 
was  not  controlled  by  CaCN-.,,  seedlings  were 
poor  in  vigor.  Therefore,  it  is  possible  that 
there  might  be  later  differences  in  survival 
between  plots  where  sod  and  weeds  were 
eliminated  and  those  where  they  were  not. 

Seedling  Height 

At  the  end  of  the  first  growing  season,  seed- 
lings treated  at  rates  of  300,  400,  and  500 
pounds  per  acre  were  significantly  taller  than 


Figure  4. — Mean  total  height  of  yellow- 
poplar  seedlings  at  outplanting  and  at  the 
end  of  the  1969  and  1970  growing  seasons. 
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untreated  seedlings  or  those  fertilized  at  rates 
of  100  and  200  pounds  per  acre  (fig.  4).  No 
significant  height  differences  existed  within 
either  of  these  two  treatment  groups  (table  2). 
Seedlings  treated  at  the  three  highest  rates 
were  also  substantially  larger  in  caliper  and 


Table  2. — tAean  tofal  heights  of  yellow-poplar 
seedlings  1  and  2  years  after  treatment  with 
varying  rates  of  CaCN2^ 


N  equivalent  rate 

of  CaCN. 
(pounds  per  acre) 

Mean  height 
(feet) 

1969 

1970 

0 

1.37  a 

1.48  a 

100 

1.30  a 

1.37  a 

200 

1.38  a 

1.70  ab 

300 

1.80  b 

1.94  ab 

400 

1.69  b 

1.89  ab 

500 

1.75  b 

2.11  b 

"  Values  in  the  same  column  followed  by  the  same 
letter  are  not  significantly  different  (.05  level)  as 
determined  by  the  Student-Newman  Keuls  multiple 
range  test. 


more  vigorous  than  controls  and  seedlings 
treated  with  100  and  200  pounds  per  acre. 
At  the  end  of  the  second  growing  season,  only 
the  500  pounds  per  acre  treatment  had  sig- 
nificantly taller  seedlings  than  the  control 
(table  2). 

The  fact  that  CaCN,,  can  be  used  to  supply 
N  without  stimulating  competing  cover  is  of 
much  greater  importance  than  the  actual 
magnitude  of  response  obtained  upon  this 
particular  site.  Because  response  to  any  ferti- 
lizer is  proportional  to  the  degree  of  nutrient 
deficiency  (if  other  growth  limiting  factors  are 
not  critical),  the  increase  in  growth  obtainable 
from  CaCNj  will  vary  with  the  N  supply  of 
the  particular  site  in  question. 

Two  uncontrollable  factors  had  pronounced 
effect  on  the  growth  on  the  plots  treated  with 
the  two  heaviest  concentrations  of  CaCNj. 
First,  late  spring  frosts  in  both  seasons  killed 
back  new  growth,  leaving  the  seedlings  weak- 
ened. During  the  second  season,  damage  was 
greater  on  the  larger  seedlings  where  growth 
had  been  stimulated  by  the  CaCN.,. 

Second,  oviposition  damage  from  the  snowy 
tree  cricket  {Oecanthus  niueus)  in  the  new 
growth  of  both  years  tended  to  be  concen- 
trated in  the  larger  seedlings  and  may  have 
caused  a  reduction  in  potential  height  obtain- 
able from  the  CaCN..  We  feel  that  these 
factors  have  masked  to  some  unknown  degree 
the  full  benefits  on  growth  that  might  have 
otherwise  been  achieved. 

Seedling  Nutrition 

Leaf  Weight.  —  Average  leaf  weight  in- 
creased with  increasing  rates  of  CaCN.,  above 


Figure    5.  —  Relationship    of   average    leaf 
weight  to  N  equivalent  rate  of  CaCN2. 
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300  pounds  per  acre,  although  the  200  pounds 
per  acre  rate  also  showed  a  small  increase 
during  the  second  season  (fig.  5).  At  the  end 
of  the  first  season,  leaves  from  seedlings 
treated  at  the  300,  400,  and  500  pounds  per 
acre  rates  were  significantly  heavier  than 
those  from  seedlings  in  control  and  100  and 
200  pounds  per  acre  plots  (table  3).  In  the 
second  season,  however,  only  seedlings  treated 


Table  3. — Concentration  and  content  of  N  and  dry  weight  of  the  leaves  of  yellow-poplar  seedlings 

treated  with  varying  rates  of  CaCNi^ 


N  equivalent 

rate  of  CaCN.. 

(pounds  per  acre) 


Dry  weight  per  leaf 
(milligrams) 


Concentration 
(percent  dry  weight) 


Content 
(milligrams  per  leaf) 


1969 

1970 

1969 

1970 

1969 

1970 

0 

346  a 

289  a 

1.58  a 

1.61  a 

5.40  a 

4.48  a 

100 

293  a 

255  a 

1.75  a 

1.53  a 

5.08  a 

3.85  a 

200 

330  a 

445  abc 

1.83  a 

1.48  a 

5.97  a 

6.68  a 

300 

469  b 

419  ab 

1.90  a 

1.73  a 

8.74  b 

6.37  a 

400 

521  b 

545  be 

2.22  b 

1.90  b 

11.55  c 

10.33  b 

500 

531  b 

661  c 

2.34  b 

1.82  a 

12.37  c 

12.00  b 

'Values  in  each  column  followed  by  the  same  letter  are  not  significantly  different  (.05  level)  as  determined 
by  the  Student- Newman- Keuls  multiple- range  test. 


Figure  6. — Relationship  between  N  concentration  in  yel- 
low-poplar foliage  and  N  equivalent  rates  of  CaCN2  in 
September  of  tfie  first  and  second  seasons  after  treatment. 
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at  400  and  500  pounds  per  acre  had  signifi- 
cantly heavier  leaves  than  the  controls. 

Therefore,  leaf  weight  increased  during  the 
first  season  at  rates  of  300  pounds  per  acre  or 
more,  but  significant  carryover  of  effects  into 
the  second  season  is  obtainable  only  at  rates 
of  400  pounds  per  acre  or  more. 

Foliar  N.  —  Foliar  N  concentration  (per- 
cent of  dry  weight)  and  actual  content  of  N 
in  the  leaves  (mg.  per  leaf)  were  both  signifi- 
cantly and  positively  (P  <  .01)  related  to  the 
amount  of  N  applied  to  the  seedlings  as 
CaCNo  (figs.  6  and  7).''  The  relationships  were 
generally  linear  for  concentration  and  loga- 
rithmic for  content  and  were  stronger  for  the 
first  season  than  they  were  for  the  second. 

During  the  first  year,  the  treatments  at 
400  and  500  pounds  per  acre  significantly 
increased  N  concentrations  above  levels  occur- 
ring in  control  seedlings  (table  3).  At  the  end 


■This  study  did  not  separate  effects  of  fertilization 
from  those  stemming  from  weed  control.  Therefore 
an  unknown  portion  of  the  growth  stimulation  aind 
nutrient  uptake  may  have  resulted  from  weed  control 
only. 


Figure  7. — Relationship  between  N  content 
in  yellow-poplar  foliage  and  N  equivalent 
rates  of  CaCN2  during  September  of  the 
first   and    second    seasons   after   treatment. 
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of  the  second  season,  seedlings  treated  at  the 
400  pounds  per  acre  rate  were  still  signifi- 
cantly higher  in  foliar  N  than  all  other  treat- 
ments, although  seedlings  treated  at  the  500 
pounds  per  acre  rate  also  had  about  the  same 
concentrations. 

The  same  general  pattern  was  also  observed 
for  the  actual  content  of  N  in  the  leaves 
(table  3).  In  both  years,  N  content  was  sig- 


nificantly increased  by  application  of  CaCN. 
corresponding  to  400  and  500  pounds  per  acre, 
whereas  only  minor  differences  occurred  be- 
tween lower  rates  and  controls.  There  was  one 
exception:  in  1969,  seedlings  treated  at  the 
300  pounds  per  acre  rate  had  foliar  N  signifi- 
cantly higher  than  the  controls  and  lower 
than  the  seedlings  treated  at  400  and  500 
pounds  per  acre. 


Table  4. — Concentrafion  and  content  of  Co  in  the  leaves  of  yellow-poplar 
seedlings  treated  with  varying  rates  of  CaCN2^ 


N  equivalent 

rate  of  CaCN. 

(pounds  per  acre) 


Concentration 
(percent  dry  weight) 


Content 
(milligrams  per  leaf) 


1969 

1970 

1969 

7970 

0 

2.65  a 

2.83  a 

9.12  a 

9.60  ab 

100 

2.53  ab 

2.66  ab 

7.37  a 

6.74  b 

200 

2.32  b 

2.66  ab 

7.66  a 

11.85  ab 

300 

2.02  c 

2.77  a 

9.45  a 

10.17  ab 

400 

2.04  c 

2.45  b 

9.79  a 

13.30  ab 

500 

1.78  c 

2.38  b 

9.49  a 

15.63  a 

"  Values  in  each  column  followed  by  the  same  letter  are  not  significantly  different 
(.05  level)  as  determined  by  the  Student-Newman-Keuls  mulitple-range  test. 


Table  5. — P,  K,  and  Mg  concentrations  in  the  foliage  of  yellow-poplar  seedlings  treated  with  varying 

rates  of  CaCN2^ 


N  equivalent 

PhosDhorus 

Potassium 

Magnesium 

rate  of  CaCN. 

(pounds  per  acre) 

1969 

1970 

1969 

1970 

1969 

1970 

Percent  dry 

weight 

0 

.11  a 

.12  a 

.66  a 

.88  a 

.17  a 

.30  a 

100 

.11  a 

.11  a 

.56  a 

.94  a 

.17  a 

.27  a 

200 

.12  a 

.12  a 

.61  a 

.84  a 

.16  a 

.29  a 

300 

.11  a 

.12  a 

.55  a 

.68  a 

.15  a 

.22  a 

400 

.12  a 

.13  a 

.60  a 

.75  a 

.18  a 

.27  a 

500 

.10  a 

.12  a 

.59  a 

.72  a 

.20  a 

.27  a 

'Values  in  each  column  followed  by  the  same  letter  are  not  significantly  different  (.05  level)  as  determined 
by  the  Student-Newman-Keuls  multiple-range  test. 


Table  6. — Content  of  P,  K,  and  Mg  in  the  foliage  of  yellow-poplar  seedlings  treated  with  varying 

rates  of  CaCNj' 


N  equivalent 
rate  of  CaCN; 

Phosphorus 

Potassium 

Magnesium 

(pounds  per  acre) 

1969 

1970 

1969                1970 

1969 

1970 

Milligrams  per  leaf 

0 

.37  a 

.40  a 

2.27  abc         3.07  a 

.60  a 

1.04  ab 

100 

.32  a 

.29  a 

1.67  a             2.44  ab 

.53  a 

.68  a 

200 

.39  a 

.53  ab 

2.02  ab           3.66  ab 

.54  a 

1.25  ab 

300 

.50  b 

.43  a 

2.50  bed          2.45  ab 

.72  ab 

.76  a 

400 

.58  b 

.67  be 

2.93  cd           4.01  ab 

.94  ab 

1.45  ab 

500 

.54  b 

.78  c 

3.08  d              4.72  b 

1.04  b 

1.80  b 

"Values  in  each  column  followed  by  the  same  letter  are  not  significantly  different  (.05  level)  as  determined 
by  the  Student-Newman-Keuls  multiple-range  test. 


These  results  indicate  that  part  of  the  N 
from  CaCN,  appHed  at  rates  of  400  and  500 
pounds  per  acre  will  be  retained  for  use  during 
the  second  year.  At  rates  below  400  pounds 
per  acre,  N  will  only  be  available  during  the 
first  year.  Foliar  N  concentrations  of  1.60 
percent  or  less  in  yellow-poplar  seedling  leaves 
indicate  N  deficiency,  and  a  growth  response 
can  be  expected  from  CaCN.  apphed  at  400  or 
500  pounds  per  acre. 

Foliar  Ca.  —  Ca  concentrations  (in  percent 
dry  weight)  decreased  with  increasing  rates 
of  CaCN.,  and  the  decrease  was  greater  dur- 
ing the  first  year  than  during  the  second 
(table  4).  In  the  first  year,  rates  of  200,  300. 
400,  and  500  pounds  per  acre  N  equivalent 
resulted  in  significantly  (P<  .05)  lower  foliar 
Ca  concentrations  than  those  that  occurred  in 
the  controls.  But  in  the  second  year,  only  the 
two  heaviest  treatments  still  showed  signifi- 
cantly lower  concentrations. 

In  contrast,  there  were  no  differences  in  Ca 
content  (mg./leaf)  of  the  foliage  due  to  treat- 
ment until  the  second  growing  season.  This 
suggests  that  lower  concentrations  were  the 
result  of  increasingly  heavier  leaf  weights  that 
were  uncompensated  for  by  comparable  gains 
in  Ca  uptake.  If  further  suggests  that  the  Ca 
contained  in  the  CaCN,  was  not  available  for 
use  by  the  seedlings  until  sometime  during 
the  second  growing  season. 

Foliar  P,  K,  and  Mg.  —  Foliar  concentra- 
tions of  P,  K,  and  Mg  were  not  generally 
affected  by  CaCN,,  treatments  (table  5).  In 
contrast,  however,  significant  gains  in  content 
of  these  nutrients  in  the  foliage  were  associ- 
ated with  increasing  rates  of  CaCN.  (table  6) 
and  were  the  direct  result  of  positive  changes 
in  leaf  dry  weight. 


1971  Study 

Time  of  Application 

Generally,  competing  vegetation  was  con- 
trolled longer  when  the  CaCN.  was  applied 
during  the  dormant  period  (March  15)  or 
early  in  the  season  (May  1)  as  compared  to 
the  mid-season  (June  15)  treatment.  Vege- 
tation from  the  March  15  and  May  1  appli- 
cations  was   controlled   until   mid-July,    but 


thereafter  the  effects  diminished.  The  June  15 
treatment,  did  not  completely  control  the 
cover;  much  of  the  vegetation  was  merely  set 
back. 

There  were  considerable  differences  in  com- 
pleteness of  kill  and  length  of  time  vegetation 
was  controlled  from  the  two  early  CaCNa 
applications  in  this  second  study  compared 
to  those  obtained  in  the  first  study.  Possibly, 
this  was  because  the  CaCNo  used  in  the  1969 
study  was  the  powdered  reagent  grade  CaCN,, 
whereas  in  the  1971  study,  CaCNo  in  granular 
form  was  used.  The  1969  application  killed 
the  weeds  completely  and  lasted  longer. 

No  seedling  mortality  or  serious  ill  effects 
were  observed  from  application  of  500  pounds 
per  acre,  regardless  of  whether  it  was  broad- 
cast when  the  seedlings  were  dormant  or 
actively  growing.  However,  the  June  15  treat- 
ment did  produce  very  mild  orange-colored 
mottling  on  the  leaves  of  some  seedlings.  But 
this  did  not  result  in  defoliation  or  in  decrease 
of  seedling  vigor. 

Seedling  growth  was  equally  good  and  was 
significantly  (P  <  .05)  better  for  all  CaCNa 
treatments  than  for  control  (table  7).  Simi- 
larly, leaves  on  the  treated  seedlings  were 
significantly  heavier  (P  <  .05)  than  those  on 
the  controls.  Leaves  on  seedlings  fertihzed  on 
May  15  were  significantly  heavier  than  those 
given  any  other  treatment. 

These  results  show  that  CaCN,  at  500 
pounds  per  acre  (in  granular  form)  can  be 
safely   applied   to   established   yellow-poplars 


Table  7. — Mean  heighi  growth  and  mean  leaf  weight 
of  yellow-poplar  seedlings  fertilized  with  CaCNi 
(500  pounds  per  acre  N  equivalent)  at  different  times 
during  the  growing  season^ 


Treatment 
(time  CaCN. 
was  applied) 


Average    Average 
height  leaf 

growth       weight 


Inches  Grams 

Control                                                       12.0  a  0.59  a 

March  15                                •                    17.6  b  .81   b 

May  15                                                    20.1  b  1.12  t- 

June  15                                                       17.8  b  .89  b 

June  15  (No  seedling  protection)      18.0  b  .89  b 


"Values  in  each  column  followed  by  the  same  letter 
are  not  significantly  different  (.05  level)  as  deter- 
mined by  the  Student-Newman-Keuls  multiple- range 
test. 


without  protecting  the  seedhngs  from  the 
CaCN^.  AppUcation  in  this  locaHty  can  be 
made  between  mid-March  and  mid-June  with- 
out inducing  mortaUty  or  forfeiting  response. 


CONCLUSIONS 

Yellow-poplar  seedlings  responded  favor- 
ably in  growth  and  showed  better  N  nutri- 
tion when  treated  with  CaCN,,.  What  is  of 
much  greater  significance  though,  is  that 
this  compound  can  be  used  to  supply  N 
without  stimulating  growth  of  competing 
vegetation  or  harming  the  planted  seed- 
lings. 

CaCN,,  affected  seedling  nutrition  by  in- 
creasing foliar  N  concentrations  and  de- 
creasing Ca  concentrations.  It  had  little 
effect  on  concentrations  of  P,  K,  or  Mg. 
Generally,  however,  foliar  nutrient  uptake 
(milligrams  per  leaf)  increased  with  in- 
creasing levels  of  CaCN,  due  to  increases 
in  leaf  dry  weight.  During  1969,  Ca  up- 
take was  unchanged  by  the  CaCN-^  treat- 
ments and  thus  deviated  from  this  general 
trend. 

Yellow-poplar  seedlings  responded  in 
height  growth  to  CaCN.  treatment  when 
foliar  N  concentrations  were  about  1.60 
percent  dry  weight,  and  the  best  growth 
was  obtained  at  the  500  pounds  per  acre 
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N  equivalent  rate  (170  grams  of  CaCNa 
per  seedling). 

CaCNa  broadcast  at  rates  of  N  equivalent 
to  400  or  500  pounds  per  acre  during  the 
dormant  season  controlled  competing 
ground  cover  around  planted  yellow-poplar 
seedlings  for  the  entire  first  growing  sea- 
son; 300  pounds  per  acre  gave  substan- 
tially less  control,  and  100  and  200  pounds 
per  acre  rates  were  not  effective. 

On  plots  treated  with  400  to  500  pc  nds 
per  acre  there  was  less  competition  from 
ground  cover  during  the  beginning  jf  the 
second  season,  but  these  effects  g  idually 
diminished  as  the  season  progressed. 

CaCNo  broadcast  at  rates  of  up  to  500 
pounds  per  acre  was  not  toxic  to  yellow- 
poplar  seedlings.  This  was  true  for  newly 
planted  stock  and  for  seedlings  outplanted 
for  2  years. 

CaCN^  in  granular  form  can  be  broadcast 
directly  around  established  seedlings  with- 
out having  adverse  effects.  There  is  no 
need  to  protect  the  seedlings  from  the 
CaCN.  or  control  the  area  to  which  it  is 
applied  as  long  as  the  proper  application 
rate  is  maintained. 

The  time  of  CaCN.  application  is  not 
critical.  In  this  study,  applications  made 
between  March  15  and  June  15  all  had 
about  the  same  effect  on  height  growth. 


LITERATURE  CITED 


1.  Armson,  K.  A. 

1967.  Review  of  forest  fertilization  in  Canada. 
Forest.  Branch  Departmental  Pub.  1186,  175  p. 

2.  Baule,  Hubert,  and  Claude  Fricker. 

1970.  The  fertilizer  treatment  of  forest  trees. 
BLV,  Munich,  Germany.  259  p. 

3.  Knight,  H. 

1963.  The  effect  of  nitrogen  fertilization  on 

height   growth   of   DOUGLAS   FIR   ON   A   POOR   SITE. 
Forest.  Chron.  39:  403-411. 

4.  Kriner,  R.  R.,  and  J.  L.  Pearson. 

1966.    Herbicides  and  growth  regulators.    In 
Pesticide  Information  Manual,  Section  G.,  Coop. 


Ext.    Serv.    of    the    Northeast    Land    Grant    Coll. 
36  p. 

Schreiner,  Oswald,  Albert  R.  Metz,  and 

B.  E.  Brown. 

1938.   Fertiuzer  materials.   In  1938  Yearbook  of 

Agr.  pp.  487-521. 

Tisdale,  Samuel  L.,  and  Werner  L.  Nelson. 
1966.  Soil  fertility  and  fertilizers.  The  Mac- 
millan  Co.,  New  York.  694  p. 

Wilde,  S.  A. 

1946.  Forest  soils  and  forest  growth.  Chronica 

Botanica,  Waltham,  Mass.  241  p. 


10 


APPENDIX  I 


COMMON  AND  SCIENTIFIC  NAMES 

Yellow-poplar  ( Liriodendron  tulipifera  L. ) 
American  sycamore   (Platanus  occidentalis  L. ) 
Eastern  white  pine   ( Pinus  strobus  L. ) 
Redtop  (Agrostis  alba  L.) 
Timothy  ( Phleum  pratense  L. ) 
Velvet  grass  (Holcus  lanatus  L. ) 
Common  yarrow  (Achillea  millefolium  L. ) 
Common  ragweed  (  Ambrosia  artemisiifolia  L. ) 
Goldenrod  (Solidago  ulmifolia  Muhl. ) 
Joe-pye-weed  i  Eupatorium  fistulosum  Barratt) 
Common  thistle  (Cirsium  uulgare  (Savi)  Tenore) 
Old-field-cinquefoil  (Potentilla  simplex  Michx) 
Upright  cinquefoil  ( Potentilla  recta  L. ) 
Dewberry  (Rubussp.) 
Dock  ( Rumex  sp.) 

Corrmion  plantain  ( Plantago  rugellii  Dane. ) 
Buckhom  plantain  ( Plantago  lanceolata  L. ) 
Field  basil  ( Satureja  vulgaris  (  L. )  Fritsch ) 
Ground  ivy  ( Glechoma  hederocea  L. ) 


APPENDIX  II 


PESTICIDE  PRECAUTIONARY  STATEMENT 

This  publication  reports  research  involving  pesticides.  It  does  not 
contain  recommendations  for  their  use,  nor  does  it  imply  that  the 
uses  discussed  here  have  been  registered.  All  uses  of  pesticides  must 
be  registered  by  appropriate  State  and/or  Federal  agencies  before 
they  can  be  recommended. 

CAUTION:  Pesticides  can  be  injurious  to  humans,  domestic  animals, 
desirable  plants,  and  fish  or  other  wildlife — if  they  are  not  handled 
or  applied  properly.  Use  all  pesticides  selectively  and  carefully. 
Follow  recommended  practices  for  the  disposal  of  surplus  pesticides 
and  pesticide  containers. 


PROTECT 
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THE  FOREST  SERVICE  of  the  U.  S.  Depart- 
ment of  Agriculture  is  dedicated  to  the  principle  of 
multiple  use  management  of  the  Nation's  forest  re- 
sources for  sustained  yields  of  wood,  water,  forage, 
wildlife,  and  recreation.  Through  forestry  research, 
cooperation  with  the  States  and  private  forest 
owners,  and  management  of  the  National  Forests 
and  National  Grasslands,  it  strives  —  as  directed 
by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 
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factors  influencing 

the  selection  of 
state  office  furniture 


ABSTRACT 

Evaluation  of  the  factors  influencing  the  selection  of  office  furni- 
ture by  nine  state  governments  shows  that  quality  and  purchase 
price  have  the  most  important  influence  on  the  purchase  decision. 
The  intended  use  of  the  furniture  and  the  purchasing  regulations 
of  the  states  were  key  factors  in  the  use  of  wood  furniture. 


rNTRODUCTION 


J^ANUFACTURERS  of  wood  office  furni- 
ture have  experienced  increasing  sales 
over  the  past  decade.  The  office  furniture  in- 
dustry had  a  total  value  of  shipments  of  $850 
million  in  1969  as  compared  to  $490  million 
in  1964.  However,  the  proportion  of  wood 
office  furniture  to  metal  office  furniture  in  value 
of  shipments  has  remained  nearly  constant. 
Unlike  the  household  furniture  industry, 
manufacturers  of  office  furniture  do  not  have 


an  abundance  of  information  defining  the 
factors  that  influence  their  customers'  pur- 
chase decisions.  This  study,  conducted  by  the 
U.S.  Forest  Service  Forest  Products  Market- 
ing Laboratory  in  Princeton,  West  Virginia, 
was  the  first  in  a  series  which  attempts  to 
identify  the  factors  that  influence  the  selec- 
tion of  new  office  furniture.  The  study's  re- 
sults will  help  wood  office  furniture  manufac- 
turers to  evaluate  changes  in  their  production 


and  marketing  procedures  that  could  increase 
their  sales. 

PROCEDURE 
AND  OBJECTrVES 

State  purchasing  officials  were  interviewed 
to  determine  the  factors  that  influence  their 
decisions  to  purchase  particular  types  of  office 
furniture.  The  questions  in  this  survey  were 
developed  from  a  pilot  survey  of  office  furni- 
ture users  in  the  Philadelphia  area.  Nine  state 
governments'  were  randomly  selected  from  the 
Northeast  region  as  defined  by  the  United 
States  Department  of  Commerce.  This  is  the 
region  for  which  data  are  available  for  office 
furniture  in  the  1967  Census  of  Manufac- 
turers. 

The  objectives  of  the  study  were:  (1)  to 
determine  the  relative  importance  of  factors 
influencing  the  selection  of  office  furniture; 
(2)  to  determine  what  construction  materials 
(wood,  steel,  plastic)  were  most  commonly 
used  in  the  furniture  selected;  and  (3)  to  de- 
termine the  comparative  advantages  of  wood 
versus  metal  office  furniture. 

SURVEY  RESULTS 

Market  Structure 

The  survey  showed  that  all  of  the  nine 
states  purchase  new  wood  office  furniture; 
however,  the  proportion  of  wood  to  metal 
furniture  varies  widely  from  state  to  state. 


'One  purchasing  official  was  interviewed  in  each  of 
the  following  states:  Connecticut.  Delaware,  Mary- 
land, Massachusetts,  New  Hampshire,  New  Jersey, 
New  York,  Pennsylvania,  and  Rhode  Island. 


The  choice  of  items  is  normally  made  by  the 
operating  department  or  agency  which  will 
actually  use  the  furniture.  This  applies  to 
executive -office  furniture  as  well  as  general- 
purpose  furniture.  The  purchasing  division 
acts  as  a  central  ordering  agency.  Funds  for 
the  purchase  of  furniture  and  equipment  are 
allocated  to  the  separate  divisions  and  agen- 
cies within  the  state,  rather  than  to  the  pur- 
chasing division;  but  the  request  for  purchase 
is  submitted  to  the  purchasing  division  for 
approval  and  action. 

In  most  cases,  the  purchasing  division 
maintains  a  list  of  approved  manufacturers 
of  office  furniture  and  only  those  firms  are 
invited  to  bid  on  the  orders.  This  practice 
limits  the  choice  of  furniture  but  it  also  stand- 
ardizes and  simplifies  purchasing  and  tends 
to  insure  that  the  furniture  will  meet  the 
quality  standards  of  the  purchasing  division. 
The  purchasing  department  decides  on  the 
grade  or  quality  of  furniture  to  be  purchased, 
decides  which  manufacturers  meet  these 
standards,  provides  the  specifications  for  the 
purchase,  and  finally,  invites  the  approved 
manufacturers  to  bid. 

The  level  of  administration  where  the  deci- 
sion to  purchase  office  furniture  is  made  varies 
between  states  and  depends  on  the  type  of 
furniture  purchased.  The  decision  to  purchase 
furniture  is  usually  made  separately  by  either 
the  state  purchasing  agency  or  the  operating 
agency;  in  only  one  case  was  the  purchase 
decision  made  jointly  by  the  two  agencies. 

The  following  tabulation  shows  the  adminis- 
trative level  at  which  the  decision  to  purchase 
is  made,  for  executive  and  general  purpose 
office  furniture,  in  the  surveyed  states. 


Agencies  making  decision  to  purchase 


State 

Executive  office  furniture 

Connecticut 

Joint  decision  (purchasing  and 

operating  agency) 

Delaware 

Operating  agency 

Maryland 

Operating  agency 

Massachusetts 

Operating  agency 

New  Hampshire 

Purchasing  department 

New  Jersey 

Operating  agency 

New  York 

Operating  agency 

Pennsylvania 

Operating  agency 

Rhode  Island 

Operating  agency 

General-purpose 
office  furniture 

Purchasing  department 

Purchasing  department 
Operating  agency 
Operating  agency 
Purchasing  department 
Purchasing  department  (blanket) 
Operating  agency 
Operating  agency 
Operating  agency 


Although  the  operating  agencies  more  fre- 
quently initiate  the  purchase  action,  that  is, 
make  the  decision  to  purchase  new  office  fur- 
niture, specifications  describing  the  type  of 
office  furniture  are  usually  provided  by  the 


purchasing  department.  The  following  tabula- 
tion illustrates  the  degree  of  control  exercised 
by  state  purchasing  departments  over  the 
types  of  office  furniture  available  to  the  other 
state  agencies. 


State 

Connecticut 
Delaware 
Maryland 
Massachusetts 

New  Hampshire 
New  Jersey 
New  York 

Pennsylvania 
Rhode  Island 


Specifications  provided  by: 

Acceptable  brands  list  developed  within  purchasing  department. 

Specifications  provided  by  purchasing  department. 

Purchase  regulations  published  by  Department  of  Budget  and  Procurement. 

Specifications  for  wood  furniture  developed  by  operating  agencies. 

Specifications  for  metal  furniture  developed  by  purcheising  department. 

Specifications  provided  by  purchasing  department. 

Specifications  provided  by  purchasing  department. 

Specifications  for  wood  and  metal  furniture  developed  out  of  demands 

made  by  operating  agencies. 
Purchasing  policies  published  by  purchasing  department. 
Approved  bidders  list  for  metal  furniture  developed  by  purchasing  department. 


Table  1. — Proportion  of  wood  furniture  purcfiased  by  selected  state  governments 


Furniture  type 

State 

RI 

Weighted 

CT 

DE 

MD 

MA 

NH 

NJ 

NY 

PA 

average 

Executive  desks 

50 

80 

75 

60 

(*) 

95 

80 

100 

50 

66 

General-purpose 

desks 

10 

20 

75 

20 

10 

10 

20 

50 

10 

23 

Chairs 

10 

30 

25 

20 

10 

10 

20 

60 

10 

20 

End  tables 

(*) 

50 

100 

80 

(*) 

50 

95 

75 

(*) 

52 

Regular  tables 

(*) 

30 

80 

60 

(*) 

(*) 

50 

75 

(*) 

35 

Bookcases 

(*) 

30 

50 

60 

(*) 

(*) 

75 

100 

{*) 

37 

Upholstered 

furniture 

(*) 

40 

50 

25 

(*) 

40 

40 

100 

(*) 

40 

(*)  Less  than  10  percent 


In  Delaware,  Maryland,  and  Pennsylvania, 
furniture  is  manufactured  in  state  prisons. 
In  Pennsylvania,  use  of  prison-manufactured 
furniture  is  mandatory  whenever  possible;  in 
Delaware  and  Maryland  it  is  not  mandatory, 
but  prison-produced  furniture  is  significantly 
lower  in  price  than  commercial  furniture.  This 
may  be  one  reason  why  the  proportion  of 
wood  furniture  purchased  is  high  in  these 
states. 

Materials  Used  in  Furniture 

Wood  and  steel  are  the  materials  most 
often  used  in  office  furniture  purchased  by 
State  governments.  Table  1  summarizes  the 
proportion  of  wood  furniture  of  various  types 
purchased  by  the  surveyed  states. 

Table  1  does  not  include  filing  cabinets, 
although  they  were  included  in  the  survey. 
Only  one  state  purchased  less  than  100  per- 


cent metal  filing  cabinets,  and  that  state  pur- 
chased 98  percent  metal  and  2  percent  wood 
filing  cabinets. 

All  the  furniture  not  made  of  wood  was 
metal  except  upholstered  furniture  purchased 
by  New  York  State.  In  New  York,  40  percent 
of  the  upholstered  furniture  purchased  was 
wood,  40  percent  was  metal,  and  20  percent 
was  made  of  plastics  and  other  synthetic 
materials. 

Factors  Influencing  Purchases 

State  purchasing  officials  were  asked  to  con- 
sider the  relative  importance  of  eight  factors 
in  the  selection  of  new  office  furniture.  Each 
factor  was  considered  independently  and  was 
rated  from  extremely  important  to  not  im- 
portant. The  following  tabulation  shows  the 
order  of  importance  given  these  factors  by 
the  states: 
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1.  Purchase  price 

2.  Appearance 

3.  Service  life 

4.  Maintenance  required 

5.  Delivery  time  required 

6.  Salvage  value 

7.  Salesman  contact 

8.  Advertising 

Several  purchasing  officials  added  another 
factor,  quality,  and  rated  it  higher  than  or 
equal  to  purchase  price  in  importance.  Quality 
was  defined  as  a  combination  of  appearance, 
service  life,  maintenance  required,  and  salvage 
value.  Of  these  four  factors,  appearance  and 
service  life  had  the  most  important  influence 
on  the  purchase  decision.  Maintenance  re- 
quired and  salvage  value  were  of  lesser  im- 
portance in  influencing  the  purchase  decision 
but  were  included  in  the  overall  category  of 
quality. 

Although  the  eight  factors  were  considered 
independently,  it  is  impossible  to  completely 
separate  their  influence.  For  example,  those 
state  purchasing  officials  who  cited  quality  as 
an  important  factor  felt  that  the  purchase 
price  would  fall  within  an  acceptable  range 
once  quality  was  established.  In  these  cases, 
price  was  considered  dependent  on  quality, 
and  had  less  influence  on  the  purchase 
decision. 

The  appearance  of  office  furniture  was  im- 
portant in  relation  to  the  setting  in  which  it 
would  be  used.  This  applied  to  executive  as 
well  as  general-purpose  office  furniture.  The 
coordination  of  colors  between  the  furniture 
and  the  general  decor  of  the  office  was  con- 
sidered, and  the  style  of  the  furniture  was 
expected  to  match  that  of  the  offices.  This 
was  especially  true  of  furniture  purchased  for 
new  offices. 

Service  life  for  most  of  the  office  furniture 
was  estimated  by  the  purchasing  officials  at 
between  15  and  20  years.  In  most  cases,  the 
expected  life  of  the  furniture  was  considered 
important  in  the  purchase  decision.  Several 
purchasing  agents  felt  that  most  office  furni- 
ture is  used  long  after  its  expected  service 
life  has  expired. 

Maintenance  costs  were  ranked  fourth  in 
importance.  The  purchasing  officials  preferred 
furniture  which  could  be  repaired  or  main- 


tained at  a  reasonable  cost.  Those  states  that 
purchased  furniture  from  state  prisons  also 
had  furniture  repaired  by  them  either  at  cost 
or  at  no  cost.  Most  states  contracted  with 
local  firms  for  the  repair  of  furniture.  Few 
states  had  their  own  repair  facilities. 

Delivery  time  was  ranked  just  below  main- 
tenance cost  in  importance.  Of  all  factors 
considered,  delivery  time  was  the  most  vari- 
able in  ranking  by  individual  purchasing 
agents.  In  some  cases,  delivery  time  was  the 
major  factor  in  the  purchasing  decision.  When 
large  orders  of  furniture  were  purchased,  de- 
livery time  became  a  very  critical  factor.  In 
other  cases  delivery  time  had  no  influence  in 
the  purchase  decision.  If  manufacturers  could 
not  meet  the  delivery  time  required  in  the 
purchase  specifications,  they  were  not  listed 
as  approved  bidders  for  office  furniture 
contracts. 

Although  salvage  value  was  usually  in- 
cluded as  an  element  in  the  broader  criterion 
of  quality,  it  was  not  considered  an  important 
factor  in  the  purchase  decision.  Most  of  the 
purchasing  officials  felt  that  the  office  furni- 
ture purchased  for  state  agencies  had  little 
or  no  salvage  value  at  the  end  of  its  service 
life.  The  explanation  given  for  this  was  that 
most  office  furniture  was  used  for  many  years 
longer  than  its  expected  service  life  and  the 
cost  of  the  office  furniture  was  fully  depreci- 
ated over  the  15  to  20  year  expected  service 
life. 

Sales  contacts  and  advertising  were  con- 
sistently ranked  least  important.  Those  pur- 
chasing officers  who  purchased  from  brokers 
or  wholesalers  considered  contact  with  manu- 
facturers' salesmen  unnecessary  because  the 
wholesalers  carried  many  different  lines  of 
both  wood  and  metal  furniture.  Therefore, 
those  purchasing  agents  had  a  wide  range  of 
furniture  to  select  from. 

The  list  of  approved  suppliers  limited  the 
nvunber  of  manufacturers  who  bid  on  pur- 
chase orders.  This  also  limited  the  number 
of  salesmen  who  could  or  would  contact  the 
purchasing  officers.  Those  firms  on  the  bid- 
ding list  were  solicited  for  bids,  and  thus  did 
not  need  to  maintain  salesmen. 

Some  office  furniture  manufacturers  adver- 
tise with  catalogs.  This  is  especially  true  of 


the  prisons,  which  do  no  other  advertising. 
Purchasing  officials  need  detailed  specifica- 
tions, such  as  those  normally  found  in  manu- 
facturers' catalogs.  Advertising  through  trade 
journals  and  similar  publications  had  little 
influence  on  the  purchase  decision,  mainly 
because  it  did  not  provide  enough  detailed 
information. 

Other  Factors 

The  survey  showed  that  state  purchasing 
officials  believe  wood  and  metal  furniture  are 
about  the  same  in  many  respects  (table  2). 
Each  purchasing  official  rated  wood  and  metal 
office  furniture  using  the  following  phrases: 


Modem 

Expensive  to  buy 
Durable 
Easy  to  clean 
Long  service  life 


Expensive  to  maintain 
Preferred  by  employees 
Pleasing  appearance 
Good  quality  for  the  pri<-e 
Short  lead  time  required 


Out  of  a  total  of  90  ratings  (one  rating  for 
each  of  the  10  phrases  by  nine  purchasing 
officials),  48  indicated  no  difference  between 
wood  office  furniture  and  metal  office  furni- 
ture. Eighteen  of  the  ratings  favored  wood, 
and  24  of  the  ratings  favored  metal. 

Six  out  of  nine  purchasing  officials  gave 
equal  rating  to  wood  and  metal  office  furni- 
ture on  the  following  qualities:  modem, 
durable,  long  service  life,  preferred  by  em- 
ployees, and  pleasing  appearance. 

Eight  out  of  nine  officials  surveyed  indi- 
cated that  they  preferred  wood  for  executive 
office  furniture  and  metal  for  general-purpose 
office  furniture. 

Choice  of  metal  general-purpose  office  furni- 
ture was  controlled  by  the  specifications  set 
up  by  the  purchasing  departments  and  could 
therefore  be  influenced  greatly  by  the  per- 


.sonal  preferences  of  purchasing  officials. 
Choice  of  wood  office  furniture,  usually  execu- 
tive office  furniture,  did  not  depend  as  much 
on  the  specifications  but  more  on  the  user's 
preference.  The  idea  that  wood  is  an  executive 
status  symbol  was  pointed  out  in  the  re- 
sponses concerning  the  officials'  personal  pref- 
erences. 

DISCUSSION 
AND  CONCLUSIONS 

The  purchasing  practices  of  the  surveyed 
states  can  influence  the  proportion  of  wood 
as  compared  with  metal  office  furniture  pur- 
chased by  each  state.  The  use  of  approved  or 
accepted  bidder's  lists  effectively  limits  the 
number  of  manufacturers  who  can  bid  on 
contracts  for  office  furniture.  These  lists  are 
established  in  accordance  with  a  series  of 
rules  and  regulations  governing  each  state's 
purchasing  policies  and  reflect  the  furniture 
specifications  of  the  purchasing  department. 
Because  these  specifications  most  often  de- 
scribe only  metal  office  furniture,  the  lists  of 
approved  bidders  are  limited  to  certain  manu- 
facturers of  metal  office  furniture. 

One  factor  influencing  purchases  was  the 
presence  of  prison  industries  in  three  of 
the  states  surveyed.  These  prison  industries 
manufacture  wood  office  furniture  and  receive 
preferential  treatment.  In  Maryland  and 
Pennsylvania,  the  furniture  purchased  was 
limited  almost  exclusively  to  those  types 
manufactured  by  the  prison  industries.  As  a 
result,  these  states  purchased  a  higher  per- 
centage of  wood  office  furniture  than  the  other 
surveyed  states. 


Table  2. — Characterisfics  of  wood  and  metal  office  furniture 
as  rated  by  state  purchasing  ofTicials 


Characteristic 

Wood 
predominant 

Equal 
rating 

Metal 
predominant 

Modern 

X 

Expensive  to  buy 

X 

Durable 

X 

Easy  to  clean 

X 

Long  service  life 

X 

Expensive  to  maintain 

X 

Preferred  by  employees 

X 

Pleasing  appearance 

X 

Good  quality  for  the  price 

X 

Short  ead  time  required 

X 

Catalogs  of  wood  office  furniture  produced 
in  the  prison  industries  were  available  at  the 
purchasing  agents'  offices.  The  furniture  ap- 
peared to  be  high  in  quality  and  yet  very  low 
in  price  when  compared  to  other  commercial 
types  of  office  furniture.  Even  where  buying 
from  the  state  industry  is  not  mandatory, 
this  price  differential  could  easily  be  the  pri- 
mary factor  influencing  the  states'  purchasing 
decision. 

Availability  of  wood  office  furniture  that 
will  meet  the  specifications  of  the  purchasing 
departments  also  influenced  the  states'  pur- 
chases. Several  purchasing  officials  mentioned 
uncertainty  about  the  availability  of  suitable 
wood  office  furniture,  particularly  for  general 
purposes. 

Wood  office  furniture  manufacturers  are 
faced  with  several  problems  in  increasing 
their  share  of  the  state  government  market 


for  new  office  furniture.  First,  they  must  be 
listed  on  approved  or  accepted  bidder's  lists 
maintained  by  the  state  purchasing  depart- 
ments. This  is  especially  important  for  gen- 
eral-purpose furniture,  which  is  most  fre- 
quently purchased  from  such  lists.  Second, 
they  need  to  develop  a  general-purpose  prod- 
uct line  that  will  provide  good  quality  at  a 
price  competitive  with  metal  office  furniture. 
Wood  competes  favorably  with  metal  in  the 
executive  lines.  However,  general-purpose  fur- 
niture comprises  the  bulk  of  purchases  and 
in  this  line,  metal  office  furniture  is  favored 
primarily  because  of  price.  Finally,  manufac- 
turers must  insure  that  availability  of  their 
product  is  not  limited  by  excessive  delivery 
times.  The  ability  to  assemble  pre-finished 
parts  quickly  in  response  to  a  purchase  order 
has  been  an  advantage  enjoyed  by  metal  office 
furniture  manufacturers  for  some  time. 
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The  Role  of  Behavior 

in  the  dispersal  of 

Newly  Hatched  Gypsy  Moth  Larvae 


ABSTRACT 

Newly  hatched  gypsy  moth  larvae  are  morphologically  and  be- 
haviorally  adapted  for  airborne  dispersal.  The  dial  periodicity  of  both 
hatching  and  dispersal  from  the  egg  mass  and  photopositive  behavior 
assure  that  larvae  are  in  optimal  position  for  dispersal  when  air  tur- 
bulence is  maximal  at  midday.  The  rate  of  larval  activity  depends 
upon  ambient  temperature  and  relative  humidity  ( R-  =  0.77 ) .  The 
larvae  continually  trailed  silk  and  did  not  feed  upon  reaching  the 
foliage.  Rather  the  larvae  appeared  predisposed  to  disperse  and  were 
readily  dislodged  by  slight  winds. 


'PhE  gypsy  moth  {Porthetria  dispar 
L.)  has  been  defoliating  hardwoods  in 
New  England  since  its  accidental  introduction 
in  1896.  It  has  become  endemic  in  this  region, 
and  frequently  it  reaches  locally  epidemic  lev- 
els. The  range  of  this  pest  has  extended  stead- 
ily southward  into  central  Virginia  and  west- 
ward into  central  Pennsylvania. 

Unlike  many  lepidopterous  pests  that  dis- 
perse actively  in  the  adult  stage,  the  gypsy 
moth  spreads  by  the  inadvertent  transport  of 
egg  masses  on  vehicles  and  various  other  ob- 
jects and  by  windblowing  of  newly  hatched 
larvae. 

The  importance  of  larval  dispersal  in  the 
spread  of  this  insect  was  established  through 
experiments  conducted  at  the  gypsy  moth  lab- 
oratory at  Melrose  Highlands,  Massachusetts, 
from  1910  to  1932.  It  was  shown  conclusively 
that  the  newly  hatched  larvae  could  be  blown 
a  distance  of  21  to  30  miles  (Collins  1917) 
and  recovered  at  an  altitude  of  at  least  2,000 
feet  (Collins  1934). 

Despite  the  importance  of  larval  spread,  lit- 
tle is  known  about  how  the  larvae  respond  to 
external  environmental  stimuli.  This  is  a 
report  on  the  importance  of  behavior  in  the 
natural  process  of  dispersal  of  newly  hatched 
gypsy  moth  larvae. 

Our  approach  to  obtaining  this  information 
was  to  separate  the  dispersal  process  into 
three  distinct  phases:  (1)  the  period  from 
hatching  until  the  larvae  move  off  the  egg 
mass;  (2)  the  initial  distribution  of  the  larvae 
in  the  tree  crown;  and  (3)  the  subsequent 
moving  of  larvae  from  the  foliage.  Because 
these  larvae  are  small  (3.0  mm.)  and  difficult 
to  observe  on  the  bark  of  larger  trees,  we  con- 
ducted most  of  our  studies  on  two  small  caged 
trees  where  we  could  restrict  the  movements 
of  the  larvae. 


Methods  and  Procedures 


General 

The  studies  were  conducted  at  Branford, 
Connecticut,  in  the  summers  of  1969  and 
1970.  The  study  trees  were  four  black  oaks 
(Quercus  velutina  Lam.),  approximately  8 
feet  tall  and  1  to  l^^  inches  d.b.h.  (diameter 
breast  high).  Two  of  the  trees  were  enclosed 
individually  in  9  x  9-foot  cages  made  of  mon- 
ofilament saran  (fig.  1),  and  the  other  two 
were  left  uncaged.  The  trees  were  situated  in 
an  opening  protected  on  three  sides  by  stands 
of  white  pine  (Pinus  strobus  L.)  and  mixed 
hardwoods. 

The  larvae  we  used  in  these  studies  came 
from  egg  masses  collected  from  a  sparse  popu- 
lation near  Oxford,  Connecticut,  in  January  of 
both  years.  These  were  refrigerated  at  32  °F. 
until  used. 


Figure  I . — The  tree  cage  where  most  of  the 
behavioral  studies  were  conducted. 


Dispersal  of  Larvae 
from  the  Egg  Packet 

Individual  egg  masses  were  enclosed  within 
a  saran  mesh  packet  and  then  stapled  to  the 
tree  1  foot  above  ground.  Observations  were 
made  on  time  of  hatch,  behavior  of  the  larvae 
while  on  the  packet,  and  behavior  of  the  lar- 
vae as  they  ascended  the  tree.  Temperatures 
were  recorded  continually  at  the  packet  sur- 
face with  a  copper-constantan  thermocouple, 
and  relative  humidity  was  recorded  periodically 
with  a  thermistor  relative  humidity  gun.  A  hy- 
grothermograph  was  maintained  in  the  imme- 
diate area  to  provide  comparative  readings  of 
temperature  and  relative  humidity. 

During  early  releases,  we  noticed  that  the 
larvae  moved  up  the  tree  more  rapidly  under 
certain  climatic  conditions.  On  overcast  days 
and  before  rainfall,  they  were  sluggish.  But 
under  clear  conditions,  especially  after  the  re- 
cent passage  of  a  high-pressure  front,  they 
moved  rapidly  up  the  tree. 

To  quantify  this,  we  determined  the  rate  of 
ascent  of  more  than  400  larvae  from  12  differ- 
ent egg  masses  by  measuring  the  time  re- 
quired for  individuals  to  travel  a  1-foot  inter- 
val scribed  on  the  bark.  Individual  larvae  were 
chosen  at  random  as  they  ascended,  and  the 
time  of  departure  and  ambient  temperature 
were  also  recorded. 

Distribution  of  Larvae 
in  the  Tree  Crown 

Every  major  branch  on  the  study  trees  was 
tagged  so  that  the  exact  locations  of  the  larvae 
could  be  recorded.  Total  counts  were  made  at 
0900,  1200,  and  1600  hours  daily  after  larvae 
were  released. 

An  additional  test  was  designed  to  evaluate 
the  effect  of  light  on  the  initial  distribution  of 
larvae  on  the  trees  after  their  release.  Because 
of  variability  in  the  duration  of  hatch  of  any 
gypsy  moth  egg  mass,  a  different  release  pro- 
cedure was  utilized.  Two  egg  masses  were  in- 
cubated together  under  field  conditions.  When 
hatching  began,  the  egg  masses  were  brought 
inside    at    room    temperature    (70°F.)    until 


about  400  larvae  were  accumulated.  An  equal 
number  of  larvae  were  then  placed  in  two 
small  saran  trays  and  stapled  to  the  bases  of 
the  caged  and  uncaged  trees.  This  gave  us  a 
known  quantity  of  larvae  of  approximately  the 
same  age  ( 12  to  24  hours) . 

Three  light  conditions  were  tested:  (1)  a 
normal  exposed  tree  (uncaged);  (2)  incident 
light  but  no  direct  overhead  light)  and  (3)  a 
completely  darkened  tree.  The  latter  two  con- 
ditions were  created  by  covering  the  cages  in 
varying  degrees  with  large  canvas  strips.  Total 
counts  were  made  1  hour  after  release  and 
then  at  the  aforementioned  intervals. 

Dispersal  of  Larvae 
from  Foliage 

The  effect  of  wind  on  dispersal  was  evalu- 
ated by  releasing  equal  numbers  of  larvae 
(200)  on  both  caged  and  uncaged  trees  and 
then  periodically  counting  the  remaining  lar- 
vae. We  were  able  to  estimate  the  overall  ef- 
fect of  the  cage  in  reducing  air  flow  by  using  a 
thermistor  anemometer.  The  average  maxi- 
mum velocity  both  inside  and  outside  the  cage 
was  estimated  by  recording  the  maximum  in- 
clination of  the  indicator  needle  at  15-second 
intervals  for  running  periods  of  2  minutes  (8 
readings).  This  was  repeated  at  5-minute  in- 
tervals for  a  30-minute  period  (total  of  48 
readings). 

The  dropping  of  individual  larvae  from  the 
foliage  was  recorded  on  two  occasions  by  mak- 
ing continuous  observations  of  populations  on 
the  caged  trees  during  the  day. 


Results 


Hatching  and  Behavior 
on  the  Egg  Mass 

The  period  of  hatching  for  an  individual  egg 
mass  varied  from  2  to  5  days.  Although  newly 
hatched  individuals  were  recorded  on  the  egg 
mass  throughout  the  day,  most  larval  emerg- 
ence occurred  early  in  the  morning.  Newly 
hatched  larvae  can  be  differentiated  from  the 
others  because  they  are  buff  or  tan  upon 
hatching,  but  turn  black  in  2  to  4  hours. 

After  emerging,  the  larvae  spent  an  indefi- 
nite length  of  time  resting  on  the  egg-mass 


surface  before  they  began  moving  up  the  tree. 
In  the  spring  of  1969,  this  time  ranged  from  1 
to  49  hours  for  individual  egg  masses. 

Although  environmental  conditions  during 
this  period  obviously  affected  the  larvae,  there 
was  no  definitive  relationship  between  am- 
bient temperature  or  relative  humidity  and 
the  initial  movement  of  larvae  off  the  egg 
mass.  If  the  egg-mass  temperature  exceeded 
approximately  90"F.,  the  larvae  usually 
moved  to  the  back  side  of  the  packet,  where 
they  were  partially  shaded.  Thermocouple 
temperatures  at  the  packet  surface  often  ex- 
ceeded 100  F.  in  direct  sunlight,  and  many 
resting  larvae  withstood  these  high  tempera- 
tures with  no  apparent  adverse  effects.  Larvae 
normally  did  not  ascend  the  tree  when  the 
ambient  temperature  exceeded  85°F. 

Dispersal  from  the  Egg  Mass 

Larvae  usually  began  ascending  the  tree 
after  0800  hours.  This  activity  reached  a  peak 
between  0900  and  1000  hours,  declined  at 
midday,  and  increased  again  between  1300 
and  1400  hours  (fig.  2).  A  few  larvae  that 
hatched  in  the  early  morning  ascended  the 
tree  during  the  afternoon  activity  period,  but 
the  majority  remained  on  the  egg  packet  until 
the  following  morning. 

The  rate  at  which  individual  larvae  as- 
cended the  tree  was  determined  by  the  tem- 


Figure  2. — The  daily  pattern  of  larvae 
leaving  the  egg  mass  and  dropping  fronn  the 
foliage,  summer  1969-70. 
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Table  I. — Analyses  of  variance  for  the  regression  of 
rate  of  ascent  (R)  of  newly  hatched  larvae  on  tem- 
perature (T)  and  relative  humidity  (RH) 


Source 


DF 


MS 


T 
RH 

Error 


1 

0.01472* 

1 

0.03223** 

15 

0.00307 

R  =  0.4595  +  .000036T  —  .000034RH 


perature  and  relative  humidity  at  that  time. 
Multiple-regression  analysis  showed  that  77 
percent  of  the  variation  in  rate  of  ascent  was 
accounted  for  by  these  two  variables  (table 
1 ) .  The  rate  of  movement  was  directly  related 
to  the  combined  effect  of  increasing  tempera- 
ture and  decreasing  relative  humidity  (fig.  3). 
Although  movement  of  larvae  off  the  egg 
packet  was  periodic,  larvae  moved  independ- 
ently of  one  another;  and  no  individual  leader 
was  evident.  Larvae  were  observed  trailing 
silk,  and  they  tended  to  follow  other  silk 
trails.  For  example,  an  adventitious  bud  that 
protruded  slightly  from  the  side  of  one  tree 
was  repeatedly  crossed  by  individual  larvae, 
although  it  was  somewhat  of  an  obstacle.  Ac- 
cumulated silks  could  be  seen  readily  at  the 


point  of  contact  both  below  and  above  the 
bud.  By  forcing  a  number  of  larvae  to  crawl 
onto  a  lower  branch  that  they  normally 
avoided,  and  lay  down  silk  trails  in  the  proc- 
ess, we  were  able  to  induce  a  number  of  other 
larvae  onto  that  branch  at  a  later  hour  of  the 
same  day. 

Distribution  on  the  Tree 

Newly  hatched  larvae  are  strongly  photopos- 
itive  and  ascend  the  tree  in  direct  response  to 
overhead   light.    On   sunny   days,   the   larvae 

7o  DISTRIBUTION  of  LARVAE  on   CAGED    OAK  TREE 


NORMAL 


Figure  3. — A  profile  of  the  rate  of  ascent 
of  newly  hatched  larvae  (in  feet  per  minute) 
under  variable  conditions  of  temperature 
and  relative  humidity. 
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Figure  4. — The  percentage  distribution  of 
newly  hatched  larvae  after  their  release  on 
caged  oak  trees  under  three  conditions  of 
light. 


usually  moved  up  that  side  of  the  stem  that 
was  exposed  to  the  sun,  and  they  accumulated 
at  the  highest  point  of  the  tree.  The  only  ex- 
ception to  this  was  in  the  early  morning,  when 
the  sun  was  near  the  horizon.  Larvae  initially 
accumulated  at  the  highest  point  on  the  east- 
ern side  and  then  moved  to  the  top  branches 
as  the  sun  moved  overhead.  On  overcast  days, 
they  moved  directly  to  the  top  branches,  al- 
though their  response  to  dull  light  was  not  as 
strong  as  their  response  to  bright  light  (fig. 
4). 

The  percentage  distribution  was  similar  on 
the  normal  and  sun-screened  trees  at  both  2 
hours  and  24  hours  after  release.  However,  on 
the  darkened  tree,  few  individuals  moved 
above  the  lower  tier  of  branches,  and  most  of 
the  larvae  eventually  dropped  from  the 
branches  without  feeding. 

Dispersal  from  the  Tree 

A  large  egg  mass  was  allowed  to  hatch  nor- 
mally under  field  conditions.  Although  this 
egg  mass  contained  600  to  700  viable  eggs, 
only  140  larva  were  counted  on  the  tree  at 
any  one  time  because  of  continual  dispersal 
(fig.  5). 

The  duration  of  hatch  was  6  days,  and 
second-stage  larvae  appeared  8  days  after  emer- 


Figure  5. — The  change  in  numbers  of 
larvae  on  a  caged  oak  after  normal  hatching 
of  a  single  egg  mass,  June  1969. 
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Figure  6. — A  group  of  larvae  suspended  from  an 
upper  branch  of  a  caged  oak  tree  after  being  dis- 
lodged by  a  slight  gust  of  wind. 


gence  began.  By  this  time,  the  population  on 
the  tree  had  stabilized. 

When  the  newly  hatched  larvae  aggregated 
at  the  top  of  the  tree,  they  were  continually 
active  on  the  upper  surface  of  the  leaves  and 
twigs  and  eventually  formed  a  network  of  silk 
across  the  upper  branches.  They  did  not  feed, 
although  foliage  was  abundant  at  all  times.  A 
slight  gust  of  wind  was  sufficient  to  dislodge 
them  from  the  foliage  and  cause  them  to  hang 
from  the  tree  on  silken  threads  (fig.  6). 

Observation  of  populations  on  the  caged 
trees  revealed  that,  when  winds  were  less  than 
2  m.p.h.  the  larvae  dropped  readily  from  the 
foliage  on  silken  threads.  Dropping  of  the  lar- 
vae was  most  evident  in  the  early  afternoon 
between  1300  and  1500  hours  (fig.  2);  but  a 
light  peak  occurred  between  0900  and  1130 
hours,  shortly  after  the  peak  larval  activity 
period  for  leaving  the  egg  packet  and  ascend- 
ing the  tree. 

When  a  larva  was  suspended  on  a  silken 
thread,  one  of  three  things  resulted.  (1)  The 
larva  extended  itself  on  the  thread  in  response 
to  additional  wind  until  it  contacted  a  surface 
such  as  the  cage.  Often  the  suspended  larva 


was  blown  360°  around  the  tree  and  relocated 
on  another  branch.  (2)  The  larva  extended  it- 
self on  the  thread  in  response  to  wind  until 
the  thread  broke.  (3)  The  larva  remained  sus- 
pended on  the  silken  thread  until  the  wind 
subsided,  then  crawled  back  up  the  thread 
onto  a  leaf  or  branch.  Larvae  were  seldom  ob- 
served lowering  themselves  to  the  ground. 

At  a  recorded  wind  velocity  of  125  feet  per 
minute  (1.2  m.p.h.),  a  suspended  larva  was 
blown  out  to  a  position  perpendicular  to  the 
tree.  Any  velocity  in  excess  of  this  was  suffi- 
cient to  cause  redistribution  of  the  larvae  on 
the  tree.  We  did  not  determine  the  velocity  of 
wind  required  to  dislodge  a  larva  from  a  leaf 
surface,  or  to  fracture  a  silken  thread. 


Figure  7. — A  comparison  of  the  number  of 
larvae  dispersed  when  225  newly  hatched 
larvae  were  released  at  the  base  of  both 
caged  and  uncaged  oak  trees  at  I  100  hours, 
June  1969. 


Figure  8. — Relationship  of  the  average 
maximum  wind  velocity  inside  and  outside 
the  cage  on  five  dates,  summer  1969. 
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A  progressive  loss  due  to  dispersal  resulted 
when  225  newly  hatched  larvae  were  released 
at  1100  hours  on  both  caged  and  uncaged 
trees  (fig.  7).  On  the  uncaged  tree,  more  than 
50  percent  of  the  population  dispersed  within 
1  hour  of  release.  On  the  caged  tree,  a  15-per- 
cent reduction  occurred  within  the  same  hour. 

Releases  of  equal  numbers  of  larvae  on 
caged  and  uncaged  trees  demonstrated  the  im- 
pact of  wind  on  dispersal  and  the  complexity 
of  the  dispersal  process.  The  saran  cage  effec- 
tively reduced  the  average  maximum  wind  ve- 
locity by  approximately  60  percent  (fig.  8). 
The  hourly  rate  of  dispersal  of  the  larvae  var- 
ied with  the  time  of  initial  release  and  the 
time  of  day.  The  dispersal  rate  1  hour  after  re- 
lease was  highest  when  the  larvae  were  re- 
leased at  1100  hours  (table  2).  The  difference 


Table  2. — Dispersal  rate  of  newly  hatched  larvae   I 
hour  after  release,  July  1969 


1  3  5  22 

HOURS  AFTER  RELEASE 


25 


Release  time 

Average  dispersal  rate 

(tiours) 

Caged  itree 

Uncaged  tree 

1100 
1400 
1500 

^0.36 
.24 
.37 

0.71 
.41 
.36 

'Each  figure  represents  an  average  for  2  release 
dates. 


in  dispersal  rates  between  caged  and  uncaged 
trees  was  maximal  for  the  1100  releases  and 
negligible  for  the  1500  releases.  This  reduction 
in  dispersal  coincided  with  diminishing  air  tur- 
bulence and  reduced  larval  activity  in  the  late 
afternoon  hours. 

The  average  hourly  rates  of  dispersal  were 
significantly  higher  the  first  hour  after  release 
than  at  any  other  time,  (table  3)  and  are  not 


equally  representative  for  the  other  time  in- 
tervals. The  hourly  rate  of  dispersal  was  al- 
ways higher  on  the  uncaged  trees.  But  in  the 
interval  from  1600  to  0900  hours,  dispersal 
was  negligible  on  both  the  caged  and  uncaged 
trees.  By  1200  hours  of  the  second  day,  few 
larvae  were  left  on  the  uncaged  tree,  and  the 
numbers  on  both  trees  had  stabilized. 


Table  3. — Average  hourly  dispersal  rates  of  newly  hatched  larvae  from  caged  and  uncaged  trees  within  dally  tinne  in- 
tervals, for  four  release  dates,  sunnmer  1969 


Initial  rate 

of  dispersal 

(1st  hour) 

Average  hourly  dispersal  rates  within 

time  intervals 

Condition 

Day  I 

Day  II 

0900-1200 

1200-1600 

1600-0900         0900-1200 

1200-1600 

1600-0900 

Caged 
Uncaged 

0.33 
.52 

— 

0.179 
.325 

0.009                 0.092 
.029                    .281 

0.158 
.185 

0.024 
,       .021 

Discussion 


Early  studies  of  the  gypsy  moth  have  shown 
that  the  newly  hatched  larvae  are  easily  dis- 
persed by  wind.  Our  observations  suggested 
that,  although  dispersal  may  often  be  passive, 
larval  behavior  and  activity  rhythms  are 
highly  adaptive  for  assuring  dispersal  in  this 
species. 

Upon  hatching,  gypsy  moth  larvae  are  well 
adapted  for  windblown  dispersal  (fig.  9). 
Burgess  (1913)  reported  that  the  so-called 
aerostatic  hairs  on  the  dorsum  of  the  larvae 
give  them  added  buoyancy.  However,  the  pro- 
fuse acuminate  lateral  hairs  are  probably  more 
effective  in  the  dispersal  process  because  they 
effectively  increase  the  lateral  surface  area  of 
the  larvae  by  eight  times. 

Because  the  larvae  turn  black  shortly  after 
hatching,  as  "black  bodies"  they  readily  ab- 
sorb solar  radiation  and  are  active  at  low  am- 
bient temperatures.  Although  50  "F.  was  the 
lowest  temperature  at  which  we  observed  lar- 
vae leaving  the  egg  mass  and  ascending  the 
tree,  it  is  probably  not  a  minimum  tempera- 
ture for  this  activity. 

Leonard  (1970)  observed  feeding  activity 
of  first-stage  larvae  at  45°F.  Burgess  (1913) 
reported  from  laboratory  studies  that  larvae 


were  not  active  below  60  °F.,  and  that  few  cat- 
erpillars moved  about  at  65''F.  However,  his 
observations  were  of  glass  battery  jars  that 
were  artificially  heated  from  below  and  there- 
fore did  not  account  for  the  effect  of  solar  ra- 
diation. The  internal  body  temperature  of  a 
dark-bodied  insect  may  greatly  exceed  that  re- 
corded at  the  surface.  Gara  et  al.  (1971), 
using  blackened  bead  thermistors  to  stimulate 
insects  in  the  field,  found  that  the  thermistors 
heated  to  10  to  15"^F.  above  the  ambient  air 
temperatures.  This  would  explain  why  gypsy 
moth  larvae  are  active  at  relatively  low  am- 
bient temperatures. 

According  to  ZanforHn  (1970),  laboratory 
tests  have  shown  that  larvae  of  Lymantriidae 
(including  the  gypsy  moth)  express  both  neg- 
ative geotaxis  and  positive  phototaxis,  al- 
though the  geotaxis  is  much  weaker.  This  was 
confirmed  in  our  tests  of  the  effect  of  light  on 
the  distribution  of  larvae  in  the  tree  crown.  In 
the  absence  of  light,  the  larvae  did  not  ascend 
the  tree  and  did  not  feed  over  a  period  of 
days.  The  strong  response  to  overhead  light 
placed  the  newly  hatched  larvae  at  the  tops  of 
the  trees,  whence  they  were  most  rapidly  dis- 
persed. 


Figure   9. — Dorsal   view  of  a   newly   hatched   gypsy 
moth  larvae,  showing  profuse  acuminate  lateral  hairs. 
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It  is  difficult  to  equate  our  observations  on 
silking  behavior  with  those  reported  earlier  by 
Leonard  {1967).  He  concluded  from  labora- 
tory tests  that  newly  hatched  larvae  did  not 
trail  silk  until  starved.  When  this  occurred, 
larvae  underwent  a  phase  of  increased  activity 
characterized  by  increased  locomotion,  irrita- 
bility, and  silking. 

Our  field  studies  revealed  that  newly 
hatched  larvae  always  trailed  silk  when  as- 
cending the  tree,  and  this  was  not  affected  by 
the  length  of  time  spent  on  the  egg  packet. 
The  rate  of  larval  ascent  and  general  activity 
was  related  to  the  temperature  and  relative 
humidity  at  that  time. 

It  is  possible  that,  in  the  spring,  all  newly 
hatched  larvae  attain  some  level  of  starvation 
before  they  leave  the  egg  mass  and  ascend  the 
tree.  But  it  would  be  difficult  to  ascertain 
when  larvae  are  starved,  because  they  would 
be  influenced  partially  by  the  weather  condi- 


tions at  the  time.  Forbush  and  Fernald  {1896) 
noted  that  newly  hatched  larvae  can  readily 
live  for  4  days  without  food  under  field  condi- 
tions. And  Maksimovic  {1958)  reported  that 
newly  hatched  larvae  can  survive  up  to  8  days 
without  food  under  variable  climatic  condi- 
tions. Obviously  the  tolerance  of  the  larvae  to 
starvation  is  not  completely  understood. 

The  behavior  of  the  larvae  upon  reaching 
the  top  branches  of  the  tree  also  appears  to 
enhance  the  probability  of  dispersal.  The  lar- 
vae continually  move  about  and  trail  silk,  but 
make  no  attempt  to  feed.  They  respond  to 
gusts  of  wind  by  arching  their  bodies,  thus  in- 
creasing their  susceptibility  to  being  dis- 
lodged. After  a  period  of  time,  they  begin 
dropping  from  the  foliage  on  threads  of  silk. 
This  was  more  prevalent  on  the  caged  trees, 
where  winds  were  often  neglible.  If  suspended 
larvae  did  not  contact  another  surface  or  be- 
come airborne,  they  immediately  began  crawl- 
ing back  up  the  silk  to  the  leaf  surface,  thus 
again  placing  themselves  in  an  opportune  posi- 
tion for  dispersal. 

Foliage  quality  did  not  inhibit  feeding. 
When  larvae  were  released  in  the  spring  and  in 
mid -July  of  1969,  succulent  foliage  was  abun- 
dant and  in  July  a  second  flush  of  growth  was 
produced  on  the  trees.  Age  of  the  foliage  ap- 
parently was  not  limiting  to  the  newly 
hatched  larvae,  because  new  populations  were 
successfully  established  on  the  study  trees  in 
late  August  1969. 

There  is  a  diel  periodicity  in  many  aspects 
of  larval  activity  during  the  first  instar. 
Hatching,  the  movement  of  larvae  off  the  egg 
mass,  and  dropping  of  larvae  on  silken  threads 
all  occur  at  specific  times  in  the  diel  cycle. 
These  activity  rhythms  often  have  adaptive 
values. 

Hatching  began  after  sunrise  and  reached  a 
peak  between  0600  and  1000  hours.  Edwards 
{1965)  stated  that  the  hatching  of  Hemero- 
campa  larvae  after  sunrise  allows  them  to  re- 
main active  and  feeding  for  some  hours  just 
after  hatching,  instead  of  remaining  inactive 
for  the  first  10  to  12  hours,  as  would  be  the 
case  if  iliey  hatched  near  sunset.  Hatching  at 
this  time  allows  gypsy  moth  larvae  to  be  ex- 
posed immediately  to  favorable  conditions  be- 
fore the  peak  activity  periods  during  the  day. 
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The  main  exodus  of  larvae  off  the  egg 
packet  occurred  between  0830  and  1030  hours. 
This  placed  the  larvae  at  the  tops  of  the  trees 
before  the  daily  cycle  of  maximum  tempera- 
tures and  wind.  Both  the  surface  wind  speed, 
on  which  frictional  mixing  depends,  and  the 
intensity  of  convection  have  a  maximum  at 
midday  and  a  minimum  before  sunrise  (Geiger 
1965). 

The  dropping  of  larvae  on  silken  threads  was 
also  rhythmic  and  was  most  obvious  on  the 
caged  trees,  where  winds  were  minimal.  Al- 
though some  dropping  was  evident  in  the  late 
morning,  the  peak  occurred  in  the  early  after- 
noon (1300  to  1500  hours)  when  environmen- 
tal conditions  favored  dispersal.  The  loss  of 
larvae  from  the  trees  was  always  highest  dur- 
ing this  same  time. 

My  observations  on  the  dispersal  of  larvae 
from  individual  trees  indicated  that  two  peri- 
ods of  dispersal  occurred,  the  highest  rates  oc- 
curring in  the  afternoon  between  1200  and 
1400  hours  on  the  day  of  release.  Although 
limited  to  four  separate  release  dates,  our  re- 
sults compared  favorably  with  earlier  studies 
by  Minott  (1922)  and  Leonard  (1971).  They 
investigated  the  daily  incidence  of  dispersal 
by  trapping  larvae  on  vertical  screens  located 
adjacent  to  infested  woodlands.  Minott  re- 
ported two  daily  dispersion  periods— 0900  to 
1200  hours  and  1400  to  1700  hours,  the  great- 
est dispersal  occurring  during  the  afternoon 
period.  Leonard  found  that  the  peak  of  larval 
dispersal  occurred  in  the  morning,  the  highest 
rate  between  0845  and  1000  hours.  However, 
he  did  recover  larvae  between  1200  and  1600 
hours. 


The  rhythms  exhibited  by  larvae  of  the 
gypsy  moth  for  hatching,  dropping,  dispersal, 
and  feeding  are  similar  to  those  discussed  by 
Edwards  (1965)  for  the  Douglas-fir  tussock 
moth  (Hemerocatnpa  pseudotsugata  McD.). 
In  addition,  larvae  of  both  species  are  noctur- 
nal in  the  later  instars,  at  least  in  sparse  popu- 
lations. Adult  emergence  and  flight  of  males 
also  occur  rhythmically  in  H.  pseudotsugata, 
but  have  not  been  investigated  for  the  gypsy 
moth. 

Very  little  is  known  about  qualitative  dif- 
ferences among  individuals  in  any  gypsy  moth 
egg  mass.  Leonard  (1970b)  suggested  that 
smaller  eggs  that  occur  in  P.  dispar  egg  masses 
may  be  nutritively  deficient  and  yield  active 
larvae  that  are  readily  dispersed  by  wind.  My 
measurements  of  the  rate  at  which  larvae  as- 
cended the  trees  indicated  that  individual  lar- 
vae in  any  sample  do  move  much  more  rapidly 
than  others.  And  Leonard's  suggestion  may 
well  explain  these  differences. 

But  the  evidence  presented  here  suggests 
that  all  newly  hatched  gypsy  moth  larvae  are 
predisposed  to  disperse.  However,  within  any 
egg  mass,  a  proportionate  number  of  the  pro- 
geny may  be  more  dispersible  than  others,  or 
more  capable  of  surviving  the  stresses  created 
by  prolonged  or  repeated  dispersals.  The  mor- 
phology and  behavioral  responses  of  the  lar- 
vae, and  the  adaptation  of  events  to  diel 
rhythms,  indicate  that  a  well-developed  sys- 
tem exists  to  assure  dispersal  of  the  larvae 
from  a  point  source.  This  may  result  in  the 
long-range  dispersal  of  gypsy  moth  larvae 
under  certain  optimal  conditions,  or  in  their 
redistribution  within  a  forest  stand  or  local 
geographical  area. 
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ABSTRACT 

Several  multiple  regression  models  for  gypsy  moth  egg-mass  density 
were  developed  from  data  accumulated  in  eastern  New  England  be- 
tween 1911  and  1931.  Analysis  of  these  models  indicates  that:  (1) 
The  gypsy  moth  population  system  was  relatively  stable  in  either  the 
OUTBREAK  phase  or  the  INNOCUOUS  one;  ( 2)  Several  naturally 
occurring  processes  that  could  terminate  the  OUTBREAK  phase  are 
represented  by  the  models,  but  they  do  not  indicate  mechanisms  suf- 
ficient to  change  the  system  from  the  INNOCUOUS  phase  to  the 
OUTBREAK  one.  Some  of  the  implications  arising  from  the  above 
conclusions  are  discussed. 


INTRODUCTION 


J)  ATA  HAVE  BEEN  accumulating  since 
about  1890  on  various  aspects  of  the 
gypsy  moth/forest  system  in  the  northeastern 
United  States.  Most  of  these  data,  unfortu- 
nately, are  too  limited  in  scope  to  be  of  much 
potential  value  to  us  today. 

However,  one  data  base  may  be  an  excep- 
tion: data  accumulated  between  1911  and 
1931  by  personnel  of  the  now  defunct  Melrose 
Highlands,  Massachusetts,  Gypsy  Moth  Labo- 
ratory, Bureau  of  Entomology,  USDA,  and 
then  stored  in  a  variety  of  places  between 


1931  and  1970.  Some  of  these  records  were 
lost  in  a  fire  that  destroyed  the  Northeastern 
Forest  Experiment  Station's  Forest  Insect  and 
Disease  Laboratory  at  New  Haven,  Connecti- 
cut in  1964. 

The  relatively  massive  overall  scope  of  the 
remaining  data  was  re-discovered  in  1970. 
This  is  a  report  on  some  of  our  efforts  to  ana- 
lyze and  interpret  these  old  records.  In  partic- 
ular, I  have  attempted  to  develop  preliminary 
multiple-regression  models  from  these  data  for 
forecasting  gypsy  moth  egg-mass  density  at 
the  start  of  "next"  year  (year  n  +  1). 


My  primary  objective  was  to  develop  a 
model  from  which  gypsy  moth  egg-mass  dens- 
ity could  be  forecast  with  reasonable  accuracy. 

A  second  objective  was  to  use  the  Melrose 
data  to  evaluate  as  many  as  possible  of  the  no- 
tions about  the  processes  that  determine 
gypsy  moth  density. 

Finally,  it  was  hoped  that  the.  models  might 
themselves  prove  to  be  useful  in  expanding  our 
knowledge  about  the  dynamics  of  this  and 
similar  population  systems,  and  that  this 
knowledge  might  result  in  new  insights  about 
how  such  population  systems  should  be  man- 
aged. 


Source  Data 

The  biological  data  used  here  were  accumu- 
lated by  personnel  of  the  old  Melrose  High- 
lands Gypsy  Moth  Laboratory.  They  estab- 
lished 264  plots  in  1911  and  1912.  Although 
about  75  of  these  plots  were  dropped  within  2 
years,  122  were  maintained  through  1921,  and 
55  were  maintained  through  the  fall  of  1931. 
They  were  scattered  along  the  seaboard  of 
eastern  New  England  from  the  landward  end 
of  Cape  Cod  to  Kennebunk,  Maine  (Campbell 
1973). 

Each  plot  was  circular  and  100  feet  in  diam- 
eter. Within  each  plot  the  species  and  domi- 
nance class  of  each  tree  that  was  at  least  3 
inches  d.b.h.  was  recorded.  Annual  records 
were  kept  on  gypsy  moth  egg-mass  density 
(Campbell  1973),  defoliation  per  tree,  and 
tree  condition.  The  diameter  of  each  tree  was 
recorded  in  1912  and  again  in  1921. 

The  weather  data  we  used  were  extracted 
from  the  records  of  31  weather-recording  sta- 
tions in  the  area  of  interest.  The  records  were 
obtained  from  the  U.S.  Weather  Bureau's  ar- 
chives in  Asheville,  North  Carolina. 

Data  Processing 

The  original  data  set  was  divided  into  three 
decks:  the  TREE  deck,  the  EGG  MASS  deck, 
and  the  WEATHER  deck.  The  composition  of 
each  deck  is  described  below. 


The  TREE  deck  consisted  of  14,266  indi- 
vidual tree  records,  spanning  a  maximum  of  21 
years  each.  Variables  recorded  for  each  tree  in- 
cluded plot  number,  species,  diameter  class  in 
inches  (3-6,  6-9,  9-12,  >12),  dominance  class 
(dominant,  intermediate,  suppressed),  an  an- 
nual estimate  of  tree  condition  (good,  fair, 
poor,  dead),  and  an  annual  estimate  of  defol- 
iation (in  5-percent  increments).  Tree  circum- 
ferences were  recorded  in  1911,  and  again  in 
1921  for  trees  that  were  still  alive  and  in  the 
plot  system. 

The  EGG-MASS  deck  included  plot  num- 
ber, year,  egg  masses  in  the  plot  in  years  (n  — 
1),  (n),  and  (n  +  1),  an  index  of  site  soil 
moisture;  the  percentage  of  plots  examined  in 
each  zone  in  year  (n)  that  contained  (1)  more 
than  500  egg  masses  per  acre,  and  (2)  more 
than  5,000  egg  masses  per  acre;  identification 
numbers  of  the  closest  weather  stations  and 
relative  distances  from  these  stations  to  the 
plot;  and  approximate  elevation  of  the  plot  (in 
feet). 

(Dr.  David  Smith,  professor  of  silviculture 
at  Yale  University,  who  examined  the  tree  rec- 
ords from  each  plot,  was  able,  in  most  cases, 
to  place  the  plot  in  one  of  the  five  site  categor- 
ies. Category  1  represented  the  driest  site,  5 
the  wettest,  and  4  the  optimum  for  tree 
growth.) 

The  WEATHER  deck  included  the  identifi- 
cation number  of  the  weather  station,  year, 
monthly  precipitation  records  (in  inches), 
monthly  mean  spring  and  summer  tempera- 
tures, mean  minimum  winter  temperatures,  and 
extreme  minimum  winter  temperature. 

The  three  decks  just  described  were  proc- 
essed to  form  a  DATA  deck  of  approximately 
2,500  site-years,  spanning  a  20-year  period 
and  representing  190  different  stands.  (These 
data  will  be  made  available  upon  request  to 
the  author.)  Variables  in  the  DATA  deck 
were  derived  as  follows: 

Total  foliage.— First,  the  basal  area,  in 
square  feet,  was  calculated  for  each  living 
stem  in  each  plot.  Second,  this  value  was  mod- 
ified according  to  tree  condition,  as  measured 
in  the  previous  fall,  by  using  full  basal  area  for 
trees  rated  in  good  condition,  0.75  basal  area 
for  trees  rated  in  fair  condition,  and  0.5  basal 
area  for  trees  rated  in  poor  condition.  Finally, 


these  adjusted  basal  areas  were  summed 
across  all  the  trees  in  each  plot  to  derive  an 
index  of  total  foliage,  TFOL. 

Overstory  components.— Overstovy  composi- 
tion was  separated  into  ROK;  the  percentage 
of  the  overstory  in  the  red  oak  group  (red  oak 
and  black  oak  and  scarlet  oak);  WOK,  the 
percentage  of  the  overstory  in  the  white  oak 
group  (white  oak  and  swamp  white  oak  and 
chestnut  oak);  FCA,  the  percentage  of  the 
overstory  in  trees  favored  by  the  gypsy  moth 
(all  oaks  and  aspen  and  gray,  paper,  and  river 
birch,  and  larch  and  willow  and  apple);  FCC, 
the  percentage  of  the  overstory  in  trees  known 
to  be  unacceptable  to  the  insect  under  most 
conditions  (ash,  black  locust,  pitch  and  scots 
pine,  all  spruces,  and  red  and  white  cedar); 
and  FCB,  the  percentage  of  the  overstory  in 
all  other  species.  Each  of  these  components 
was  estimated  by  deriving  the  adjusted  plot 
basal  area  in  that  component  and  dividing  this 
by  TFOL. 

Dominance  of  favored  food  frees.— This  var- 
iable, DOM,  is  the  percentage  of  the  dominant 
trees  on  a  plot  that  were  favored  by  the  gypsy 
moth  (the  FCA  trees). 

Stand  condition.— F.ach  living  tree  in  the 
TREE  deck  was  designated  as  either  in  good 
(1.0),  fair  (2.0),  or  poor  (3.0)  condition  for 
each  year.  These  ranks  were  averaged  for  each 
year  for  all  living  trees  on  the  plot  to  yield  an 
estimate  of  mean  stand  condition,  COND. 

Defoliation.— Mean  defoliation  levels  ob- 
served on  each  plot  each  year  were  calculated 
for  trees  favored  by  the  gypsy  moth  (DCA); 
for  food  class  B  trees  (DCB),  and  for  the 
whole  stand  (DEF).  These  values  were  easilj 
calculated,  since  the  original  tree  deck  con- 
tained an  estimate  of  the  percentage  of  defol- 
iation for  each  stem  on  each  plot  for  each 
year. 

Precipitation.— RainiaW  on  each  plot  for  May 
and  June  was  estimated  from  weather-station 
records.  The  data  from  the  nearest  station 
were  used  if  the  station  was  within  10  miles  of 
the  study  plot.  If  a  station  was  not  within  this 
radius,  the  records  from  two  or  three  weather 
stations  were  interpolated  on  the  basis  of  dis- 
tance. 


Tewperafu re.— Seasonal  temperature  esti- 
mates, mean  temperatures  during  May  and 
June,  the  mean  minimum  temperature  during 
the  coldest  month  of  the  winter  between 
gypsy  moth  egg-mass  counts  for  years  (n)  and 
(n  +  1),  and  the  extreme  minimum  winter 
temperature,  were  interpolated  from  local 
weather-station  data  in  a  manner  similar  to  the 
precipitation  interpolation.  However,  differ- 
ences in  elevation  between  the  weather  sta- 
tions and  the  plot  were  also  taken  into  ac- 
count. All  weather-station  temperature  data 
were  transformed  to  their  sea-level  equivalents, 
utilizing  the  relationship  of  a  5.4 '^F.  decrease 
in  temperature  for  every  1,000-foot  increase  in 
elevation.  The  distance  interpolation  was  then 
performed,  and  the  derived  temperature  was 
adjusted  to  the  plot  elevation. 

The  Data  Deck 

Processed  data  included  an  estimate  of  each 
of  the  following  variables  for  every  plot  in  the 
Melrose  system  during  each  year  that  the  plot 
was  examined.  Year  (n),  below,  is  always  the 
year  during  which  the  egg  masses  designated 
as  MNOW  were  deposited. 

Independent   Varial>les 

PM  =  Precipitation  in  May  of  year  ( n ) , 

in  inches 
PJ  =  Precipitation    in   June   of   year 

(n),  in  inches 
RM  =  Precipitation  in  May  of  year  (n 

-)-  1 ) ,  in  inches 
RJ  =  Precipitation  in  June  of  year  (n 

+  1),  in  inches 
TMN  =  Mean     minimum     temperature 

(°F.)  during  the  coldest  month 

between  years  (n)  and  (n  +  1) 
TXM  =  Absolute  minimum  temperature 

(°F.)  between  years  (n)  and  (n 

+  1) 
TM  =  Mean  temperature  (°F.)  in  May 

of  year  (n  +  1) 
TJ  =  Mean  temperature  (°F.)  in  June 

of  year  (n  +  1) 
SSM  =  Site  soil  moisture   (driest  =  1, 

. . . ,  wettest  =  5) 
COND         =  Stand  condition  (good  =  1,  fair 

=  2,  poor  =  3) 


TFOL 
FCA 


FCC 


FCB 
ROK 

WOK 

DOM 

DCA(n) 
DCB(n) 
MLSTYR 


MNOW 
ZDL 

ZDH 


TREND 
DEF(n  + 


=  An  index  of  total  foliage  per  acre 

=  Percentage  of  the  total  overstory 
foliage  in  class  A  food  (all 
species  of  oak  +  gray,  paper, 
and  river  birch  +  aspen  +  larch 
+  willow  +  apple) 

=  Percentage  of  the  total  overstory 
foliage  in  class  C  food  (ash  and 
black  locust  and  pitch  and  scots 
pine,  all  spruces  and  red  and 
white  cedar) 

=  Percentage  of  the  total  overstory 
foliage  in  class  B  food  (all  species 
other  than  FCA  and  FCC) 

=  Percentage  of  the  total  overstory 
foliage  in  the  red  oak  group  (red 
oak  and  black  oak  and  scarlet 
oak) 

=  Percentage  of  the  total  overstory 
foliage  in  the  white  oak  group 
(white  oak  and  swamp  white  oak 
and  chestnut  oak) 

=  Percentage  of  the  dominant  trees 
in  the  stand  that  were  in  food 
class  A  (FCA) 

=  Percentage  defoliation  of  class  A 
trees  during  year  (n) 

=  Percentage  defoliation  of  class  B 
trees  during  year  (n) 

=  Egg  masses  per  acre  in  the  fall  of 
year  (n  -  1).  (One  egg  mass 
was  added  to  observed  per-acre 
egg-mass  density  in  each  plot  be- 
cause in  some  cases  observed 
egg-mass  density  was  zero.) 

=  Egg  masses  per  acre  in  the  fall  of 
year  (n) 

=  Percentage  of  acres  examined  in 
a  zone  during  year  (n)  that  con- 
tained more  than  500  egg  masses 
per  acre 

=  Percentage  of  acres  examined  in 
a  zone  during  year  (n)  that  con- 
tained more  than  5,000  egg  mass- 
es per  acre 

MNOW 
~  MLSTYR 
1)  =  Percentage      defoliation      of 

whole  stand  during  year  (n  + 

1) 


Dependent   Variable 

MNXTYR  =  Egg  masses  per  acre  in  the  fall 
of  year  (n  -f  1).  (One  egg 
mass  was  added  to  observed 
per  acre  egg-mass  density  in 
each  plot  because  in  some 
cases  observed  egg  mass  was 
zero.) 

Analytical  Format 

In  analyzing  these  data,  I  sought  primarily 
to  produce  a  model  useful  for  predicting  egg- 
mass  density.  Although  the  model  may  also 
prove  to  be  useful  in  understanding  something 
of  the  processes  through  which  particular 
density  levels  are  determined,  this  was  not  in- 
tended as  its  primary  function.  This  distinc- 
tion, which  is  discussed  elsewhere  in  more  de- 
tail (Campbell  1971),  has  an  important  bear- 
ing on  the  way  the  data  were  anlayzed  here. 

First,  the  data  were  stratified  according  to 
overstory  composition  into  OAK  stands,  where 
more  than  one-half  the  total  overstory  foliage 
was  oak  (ROK  +  WOK),  and  POOR  FOOD 
stands,  where  less  than  one-half  the  total 
overstory  foliage  was  in  tree  species  favored  as 
food  by  gypsy  moth  larvae  (FCA).  (A  third 
stratum,  containing  stands  where  more  than 
one-half  of  the  overstory  foliage  was  in  food 
class  A,  but  where  less  than  one-half  was  in 
oak,  was  set  aside  for  later  analysis.) 

Second,  a  variety  of  multiple  regression 
models,  having  the  general  form  Y  =  bo  + 
biXi  -)-  box^  +  ...-}-  bnXn,  were  tested, 
provisions  being  made  for  both  non-linear  rela- 
tionships and  interactions  among  the  inde- 
pendent variables,  after  both  MNXTYR  and 
MNOW  were  transformed  to  their  natural  log- 
arithms. In  (MNXTYR)  and  In  (MNOW). 
In  particular,  a  large  number  of  the  unpub- 
lished notes  and  manuscripts  (on  file  at  the 
Forest  Insect  and  Disease  Laboratory,  USDA 
Forest  Service,  Hamden,  Connecticut)  that 
reflect  the  thoughts  of  some  of  the  Melrose 
Laboratory  personnel  on  the  implications  of 
their  data  with  respect  to  gypsy  moth  density 
proved  to  be  helpful  in  formulating  these  mod- 
els. 


The  best  model  for  POOR  FOOD  stands, 
using  the  criteria  of  least  squares,  is  presented 
in  table  1.  Since  66  percent  of  the  variation  in 
In  (MNXTYR)  was  associated  with  variation 
in  the  independent  variables,  this  model  may 
prove  to  be  useful  for  forecasting  egg-mass 
density  in  such  stands.  It  should  be  tested  as 
soon  as  possible. 

Two  models  are  presented  for  In 
(MNXTYR)  in  OAK  stands  (tables  2  and  3). 
The  former  model,  which  includes  only  inde- 
pendent variables  that  could  be  observed  by 
March  1  of  year  (n  -(-  1)>  accounted  for  67 
percent  of  the  variation  in  In  (MNXTYR) 
(table  2).  The  latter  model,  which  incorpo- 
rates two  independent  variables  that  could  not 
be  observed  directly  before  a  control  decision 
would  have  to  be  made,  accounted  for  74  per- 
cent of  the  variation  in  In  (MNXTYR) 
(table  3).  Both  models  should  be  tested  as 
soon  as  possible. 

Since  the  models  are  additive,  the  contribu- 
tion of  each  term  to  In  (MNXTYR)  can  be 
examined  separately,  and  the  expected  value 
of  egg-mass  density  itself  can  be  determined 
by  simply  transforming  In  (MNXTYR)  back 


to  MNXTYR.  This  procedure  was  followed  in 
developing  figures  1  to  18,  wherein  each  inde- 
pendent variable  in  model  three  (table  3)  is  ex- 
amined with  respect  to  egg-mass  density  in 
the  fall  of  year  (n  +  1).  (Since  these  figures 
were  all  derived  by  using  the  mean  value  of 
each  independent  variable  that  was  not  other- 
wise specified,  these  mean  values  are  shown  in 
the  appendix.) 

Site  Density  and  Zone  Density 

Changes  in  gypsy  moth  density  within  any 
specific  place  were  known  to  be  a  function  of 
zone  density,  the  general  density  level  of  the 
population  system  within  a  larger,  spatially 
defined  area,  since  previous  studies  had  indi- 
cated that  the  Melrose  system  could  be  sepa- 
rated into  two  phases,  INNOCUOUS  and 
OUTBREAK,  with  respect  to  expected  trends 
in  egg-mass  density  on  the  basis  of  zone  dens- 
ity (Campbell  1973). 

Two  measures  of  zone  density  were  used: 
ZDL  or  low  zone  density,  the  percentage  of 
the  acres  examined  within  any  given  zone  in 
the  fall  of  year  (n)  that  contained  more  than 
500  egg  masses  per  acre;  and  ZDH  or  high 
zone  density,  the  percentage  of  the  acres  ex- 
amined in  the  zone  that  contained  more  than 


Table  I. — Analysis  of  variance  in  egg-mass  density  per  acre  in  year  (n 
-(-  I)  (In  MNXTYR)  as  a  function  of  the  specified  independent  variables. 
POOR  FOOD  stands;  N  =  1 ,037. 


Source  of  Variation 

DF 

MS                F 

Regression 

14 

306.2             143 

Residual  error 

1.022 

2.1               — 

Intercept  =  ' 

2.296 

Regression 

Standard  erroi 

t  ratio  on 

Variable 

CoeflScient 

of  coefficient 

1,022  d.f. 

(ZDL)^ 

0.00098629 

0.00013893 

7.1** 

(ZDL)' 

—.00000734 

.00000156 

—4.7** 

(ZDH) 

.28347040 

.05245863 

5.4** 

(ZDL)  •  (ZDH) 

—.00725148 

.00161175 

—4.5** 

(ZDL)   •  (ZDH) 

.00004506 

.00001197 

3.8** 

(PM)' 

—.14280650 

.03367144 

—4.2** 

(PM)' 

.01426990 

.00417453 

3.4** 

(PM)  •  (InMNOW) 

.04810875 

.01454296 

3.3** 

(TMN)" 

—.00307362 

.00071851 

--4.3** 

(TMN)  •  (InMNOW) 

.01113269 

.00301615 

3.7** 

(FCB)  •  (InMNOW) 

.00425318 

.00125357 

3.4** 

(FCB)'-  (InMNOW) 

—.00003111 

.00001086 

-2.9** 

(TFOL)  •  (DOM) 

.00016320 

.00005453 

3.0** 

(TFOL)  •  (DOM)  = 

—.00000162 

.00000080 

—2.0* 

*  Significant  at  0.05  probability  level. 
** Significant  at  0.01  probabUity  level. 
R'  =  0.66. 


Table  2. — Analysis  of  variance  in  egg-nnass  density  per  acre  in  year  (n 
-|-  I]  (InMNXTYR)  as  a  function  of  the  specified  independent  variables. 
OAK  stands;  N  —  555. 


Source  of  Va 

riation 

DF 

MS     F 

Regression 

17 

148.2     72 

Residual  error 

537 

2.1     — 

Intercept  =  : 

3.409 

Regression 

Standard  error 

t  ratio  on 

Variable 

coefficient 

of  coefficient 

537  d.f. 

(ZDL)' 

0.00144493 

0.00022818 

6.3** 

(ZDL)^ 

—.00001176 

.00000259 

—4.5** 

(ZDL)  •  (ZDH) 

.00539065 

.00148093 

3.8** 

(ZDL)=-  (ZDH) 

—.00013696 

.00003969 

—3.5** 

(ZDL)'-  (ZDH) 

.00000085 

.00000028 

3.1** 

(TREND)  •  (InMNOW) 

—.03299060 

.01029203 

—3.2** 

(TREND)  •  (InMNOW)^ 

.01071147 

.00291401 

3.7** 

(TREND)  •  (InMNOW)^ 

—.00083713 

.00021198 

—3.9** 

(PM)^ 

—.06813522 

.02896474 

—2.4** 

(PM)^ 

—.00775066 

.00426570 

1.8- 

(TMN)  = 

—.00522347 

.00074895 

_7  0*- 

(TMN)  •  (InMNOW) 

.02198500 

.00274274 

8.0** 

(WOK)  •  (InMNOW) 

—.00626965 

.00183840 

—3.4** 

(WOK)  •  (InMNOW)^ 

.00073208 

.00023822 

3.1** 

(FCA)  •  (InMNOW) 

.00163645 

.00056021 

2.9** 

(FCC)^-  (ZDL) 

—.00003635 

.00001861 

—2.0* 

(DCA  (n)  )  •  (InMNOW) 

—.00156839 

.00033867 

—4.6** 

*  Significant  at  0.05  probability  level. 
**Significant  at  0.01  probability  level. 
"Significant  at  0.10  jDrobability  level. 
R=  =  0.67. 


Table  3. — Analysis  of  variance  in  egg-mass  density  per  acre  in  year  (n 
-\-  I)  (InMNXTYR)  as  a  function  of  the  specified  independent  variables, 
including  precipitation  in  June  of  year  (n  -(-  I)  and  defoliation  in  year 
(n-f  I).  OAK  stands;  N  =  533. 


Source  of  variation 

DF      MS        F 

Regression 

22      112.1       65 

Residual  error 

510 

1.7       — 

Intercept  = 

3.53 

Regression 

Standard  error 

t  ratio  on 

Variable 

coefficient 

of  coefficient 

510  d.f. 

(ZDL)  = 

0.00203155 

0.00024235 

8.4** 

(ZDL)' 

—.00001862 

.00000280 

—6.6** 

(ZDL)  •  (ZDH) 

.00502920 

.00130149 

3.9** 

(ZDL)  •  (ZDH) 

—.00013631 

.00003681 

—3.7** 

(ZDL)'-  (ZDH) 

.00000088 

.00000026 

3.4** 

(TREND)  -  (InMNOW) 

.11396300 

.04357555 

2.6** 

(TREND)  -  (InMNOW)^ 

—.26747010 

.01086141 

—2.5* 

(TREND)  -  (InMNOW)^ 

.00148031 

.00060085 

2.2* 

(PM)  = 

—.06666974 

.02820550 

—2.4* 

(PM)  = 

.00879564 

.00413062 

2.1* 

(RJ)  -  (ZDL) 

—.00961119 

.00211648 

4.5** 

(RJ)  -  (ZDL)^ 

.00009795 

.00002789 

3.5** 

(TMN)  = 

—.00522493 

.00069087 

—7.6** 

(TMN)  -  (InMNOW) 

.02789139 

.00247935 

11.2** 

(WOK)  -  (InMNOW) 

—.00573563 

.00178512 

—3.2** 

(WOK)  -  (InMNOW)^ 

.00079620 

.00022758 

3.5** 

(WOK)  -  (ROK) 

—.00053924 

.00022538 

—2.4* 

(WOK)  -  (ROK)^ 

.00000924 

.00000391 

2.4* 

(FCC)^-  (ZDL) 

—.00003377 

.00001700 

—2.0* 

(DCA  (n)  )  -  (InMNOW) 

—.00184766 

.00032763 

—5.6** 

(DEF(n+l))  •  (InMNOW) 

.00926943 

.00114017 

8.1** 

(DEF  (n+1)  )^- 

(InMNOW) 

—.00011429 

.00001395 

—8.2** 

*Significant  at  0.05  probability  level. 
*  *  Significant  at  0.01  probability  level. 
R'  =  0.74. 


5,000  egg  masses  per  acre.  Since  high  zone 
density  was  usually  zero  until  low  zone  dens- 
ity reached  40  percent,  changes  in  egg-mass 
density  are  shown  in  figure  1  for  low  zone 
densities  ranging  from  zero  to  40  percent,  with 
high  zone  density  set  at  zero.  Both  low  zone 
density  and  high  zone  density  were  allowed  to 
vary  in  figure  2,  for  the  egg-mass  density  val- 
ues shown. 

Density  in  the  fall  of  year  (n  -)-  1)  is  shown 
in  figure  1  for  three  values  of  current  egg-mass 


Figure  I. — Relationships  between  egg-mass 
density  per  acre  in  the  fall  of  year  (n  -(-  I) 
(MNXTYR),  egg  mass  densities  per  acre  in  the 
fall  of  years  (n  -  I)  and  (n)  (MLSTYR  and 
MNOW),  and  the  percentage  of  the  plots  in 
the  zone  containing  more  than  500  egg  masses 
per  acre  in  the  fall  of  year  (n).  All  other  in- 
dependent variables  have  been  held  constant 
at  their  mean  values. 
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Figure  2. — Relationships  between  egg-mass 
density  per  acre  in  the  fall  of  year  (n  -|-  I), 
and  the  percentages  of  the  acres  in  the  zone 
in  the  fall  of  year  (n)  containing:  (a)  more  than 
500  egg  masses  per  acre  (ZDL),  and  (b)  more 
than  5.000  egg  masses  per  acre  (ZDH). 
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density  (MNOW).  These  values  (50,  250,  and 
500  egg  masses  per  acre)  were  also  held  con- 
stant at  these  same  values  in  the  fall  of  year 
(n  —  1)  (MLSTYR).  About  50  egg  masses 
per  acre  could  be  expected  to  decrease  to 
about  40  egg  masses  per  acre  when  low  dens- 
ity was  less  than  20  percent,  but  it  might  in- 
crease to  about  150  egg  masses  per  acre  when 
low  zone  density  reached  40  percent.  Five 
hundred  egg  masses  per  acre,  on  the  other 
hand,  could  be  expected  to  decrease  to  about 
125  egg  masses  per  acre  when  low  zone  density 
was  less  than  20  percent,  and  would  still  de- 
crease slightly  (to  about  450  egg  masses  per 
acre)  even  when  low  zone  density  reached  40 
percent.  All  densities  could  also  be  expected  to 
be  slightly  lower  in  year  (n  +  1)  when  low 
zone  density  was  10  percent  than  when  it  was 
zero. 

The  results  (fig.  1)  indicate  that  isolated 
high-density  populations  could  be  expected  to 
return  to  low,  innocuous  densities  within  a 
year  or  so,  and  that  sparse  populations  could 
be  expected  to  remain  stable  at  low  density 
levels  as  long  as  their  neighboring  populations 
were  at  low  levels. 

Five  levels  for  high  zone  density  (0,  10,  20, 
30  and  40  percent)  are  shown  (fig.  2)  for  all 


values  of  low  zone  density  from  40  to  100  per- 
cent. In  this  case,  both  prior  egg-mass  density 
(MLSTYR)  and  current  egg-mass  density 
(MNOW)  were  set  at  their  mean  values,  2,705 
and  2,488  egg  masses  per  acre. 

Relationships  between  low  zone  density 
(ZDL),  high  zone  density  (ZDH),  and  egg- 
mass  density  per  acre  within  any  specific  place 
in  the  fall  of  year  (n  +  1)  (MNXTYR)  re- 
versed twice  within  the  range  of  low  zone 
densities  shown.  When  ZDL  was  near  40  per- 
ent  or  100  percent,  a  much  higher  density 
could  be  expected  in  any  given  place  when 
ZDH  was  high  than  when  it  was  low,  but 
when  ZDL  was  between  65  and  90  percent, 
higher  densities  could  be  expected  in  any 
given  place  when  ZDH  was  low  than  when  it 
was  high. 

These  results  suggest  that  this  system  con- 
tained internal  mechanisms  for  maintaining  it- 
self within  the  OUTBREAK  phase  for  an  in- 
definitely long  period  of  time;  that  internal 
mechanisms  existed  for  constraining  this 
phase  so  that  it  neither  collapsed  nor  in- 
creased without  bounds. 


Figure  3. — Relationships  between  egg-mass 
density  per  acre  in  the  fall  of  year  (n  -(-  l)i  and 
egg-nnass  densities  per  acre  in  the  fall  of  years 
jn  -  I)  and  (n)  (MLSTYR  and  MNOW).  Out- 
break conditions. 
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Site  Density  Under 
Outbreak  Conditions 

Figures  3  to  10  represent  expected  values  of 
gypsy  moth  egg-mass  density  under  OUT- 
BREAK conditions.  Both  low  zone  density 
and  high  zone  density  were  set  at  their  mean 
values  (53  percent  and  14  percent)  in  these 
figures. 

Egg-mass  densities  (MLSTYR)  and 
(MNOW).— Egg-mass  density  per  acre  in  the 
faU  of  year  (n  +  1)  (MNXTYR)  is  shown  in 
fig.  3  as  a  function  of  current  density 
(MNOW)  and  density  in  the  fall  of  year  (n  + 
1)  (MLSTYR). 

Individual  populations  that  had  been  stable 
at  about  5,000  egg  masses  per  acre  for  2  years 
running  tended  to  maintain  high  densities  for 
a  third  year,  while  populations  that  had  in- 
creased dramatically  from  a  lower  density  in 
year  (n  —  1)  to  5,000  egg  masses  per  acre  in 
year  (n)  tended  to  decrease.  No  plausible 
mechanisms  can  be  suggested  at  this  time 
through  which  the  first  of  these  results  might 
have  been  determined,   but  one   mechanism 


that  might  have  been  involved  in  determining 
the  second  sort  of  outcome  is  suggested  below. 

Suppose  current  density  had  been  reached 
through  a  dramatic  increase  from  year  (n  — 
1)  to  (n).  Density  continued  to  increase 
greatly  from  year  (n)  to  (n  —  1)  when  year 
(n)  density  was  500  egg  masses  per  acre,  but 
greatly  from  year  (n)  to  (n  +  1)  when  year 
year  (n)  density  was  5,000.  Both  populations 
may  have  temporarily  expanded  beyond  the 
ability  of  their  natural  enemies  to  prevent  fur- 
ther increase,  but  the  former  population  may 
have  been  more  likely  than  the  latter  to  reach 
a  density  level  where  food  exhaustion  and 
physiological  stress,  leading  to  population  col- 
lapse, were  hkely  to  occur. 

Precipitation  in  May  of  year  (n)  (PM).— 
The  relationship  between  precipitation  in  May 
of  year  (n)  and  gypsy  moth  egg  mass  density 
in  the  fall  of  year  (n  -f  1)  indicates  that 
density  decreased  as  precipitation  in  May  of 
year  (n)  increased  from  zero  to  about  5 
inches,  but  that  density  tended  to  increase  in 
year  (n  -)-  1)  as  precipitation  in  this  month 
increased  above  5  inches   (fig.  4).  These  re- 
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Figure  4. — Relationship  between  egg-mass 
density  per  acre  In  the  fall  of  year  (n  -j-  I)  and 
precipitation  in  May  of  year  (n)  (PM).  Out- 
break conditions. 
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suits  may  indicate  that  disease  incidence  in- 
creased and  reduced  population  density  in 
year  (n  +  1)  as  a  function  of  increasingly 
high  precipitation  in  May  of  year  (n),  but 
they  also  suggest  that  precipitation  levels 
above  about  5  inches  in  May  of  year  (n)  may 
reflect  the  operation  of  a  hitherto  unsus- 
pected mechanism,  which  was  influenced  in 
some  way  by  exceptionally  high  precipitation 
levels  in  May  of  year  (n),  through  which  the 
physiological  state  of  the  insect  is  altered  in 
year  (n  +  1). 

Precipitation  in  June  of  year  (n  -f  1)  (RJ ■) 
—Relationships  between  ZDL,  the  percentage 
of  the  acres  examined  in  a  zone  that  contained 
more  than  500  egg  masses  per  acre  in  the  fall 
of  year  (n),  RJ,  the  number  of  inches  of  rain- 
fall in  June  of  year  (n  +  1),  and  MNXTYR, 
egg-mass  density  per  acre  in  the  fall  of  year  ( n 
+  1),  are  shown  in  figure  5.  June  precipita- 
tion in  year  (n  +  1)  bore  a  particularly  close 
relationship  to  subsequent  egg-mass  density 
(Campbell  1967a).  This  close  statistical  rela- 
tionship probably  reflects  both  the  underlying 
relationship  between  precipitation  and  disease 
incidence  among  instar  IV  to  VI  larvae,  and 
the  importance  of  variation  in  the  survival 
rate  during  this  particular  age  interval  to  vari- 
ation in  egg  density  in  the  fall  of  the  year 
(Campbell  1967a). 

The  results  (fig.  5)  support  the  notion  that 
exceptionally  heavy  precipitation  levels  in  June 
of  year  (n  +  1),  if  they  are  sufficiently  wide- 
spread, may  indicate  the  abrupt  collapse  of 
the  OUTBREAK  phase. 


Mean  minimum  winter  temperature 
(TMN).— Gypsy  moth  eggs  cannot  survive  at 
temperatures  below  about  —20^.,  which  is 
probably  reflected  (fig.  6)  in  relationships  be- 
tween the  mean  minimum  temperature  during 
the  coldest  month  between  year  (n)  and  (n  + 
1)  (TMN),  current  egg-mass  density 
(MNOW),  and  egg-mass  density  in  the  fall  of 
year  (n  +  1)  (MNXTYR).  Egg-mass  density 
in  year  (n  -f-  1)  was  usually  reduced  to  an  in- 
nocuous level  when  the  mean  minimum  winter 
temperature  was  about  zero  "F.,  another  natu- 
rally occurring  mechanism  through  which  the 
OUTBREAK  phase  could  be  reduced  to  the 
INNOCUOUS  one. 

Egg-mass  density  in  year  (n  +  1)  was 
somewhat  lower  when  the  mean  minimum 
temperature  was  exceptionally  high  than  when 
it  was  close  to  its  mean  value  (14°F.),  and  the 


Figure  5. — Relationships  between  egg-mass 
density  per  acre  in  the  fall  of  year  (n  -(-  I), 
precipitation  in  June  of  year  (n  -j-  ')  C^Jji  ^nd 
percentage  of  the  acres  in  the  zone  in  the  fall 
of  year  (n)  containing  more  than  500  egg 
masses   per  acre   (ZDL).  Outbreak  conditions. 
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Figure  6. — Relationships  between  egg-mass 
density  in  the  tall  of  year  (n  +  I),  egg-mass 
density  per  acre  in  the  tall  of  year  (n)  (MNOW), 
and  the  mean  minimum  temperature  during  the 
coldest  month  between  years  (n)  and  (n  +  I) 
(TMN).  Outbreak  conditions. 
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optimum  mean  minimum  temperature  for  the 
gypsy  moth  apparently  varied  as  a  function  of 
current  egg-mass  density.  Both  these  relation- 
ships may  imply  that  mechanisms  similar  to 
those  described  by  WeUington  (1965)  for  the 
western  tent  caterpillar,  Malascosoma  pluviale 
(Dyar),  and  by  Morris  (1969)  for  the  fall 
webworm,  Hyphantria  cunea,  may  also  be  op- 
erative in  the  dynamics  of  gypsy  moth  popula- 
tions. This  possibility  should  be  explored. 

White  oak  (WOK),  red  oak  (ROK),  and 
current  density  fMNOW^.— Relationships  be- 
tween WOK,  the  percentage  of  the  total  over- 
story  foliage  in  the  white  oak  group;  ROK,  the 
percentage  in  the  red  oak  group;  and  MNOW, 
current  egg-mass  density,  are  shown  in  figure 
7.  (At  least  one-half  of  the  total  overstory  foli- 
age had  to  be  in  oak  for  a  stand  to  be  within 
this  stratum,  and  this  figure  reflects  this  con- 
straint.) 

Higher  egg-mass  densities  could  be  expected 
in  stands  composed  primarily  of  red  oak  than 


Figure  7. — Relationship  between  egg-mass 
density  in  the  fall  of  year  (n  +  I)  (MNXTYR) 
and  the  percentages  of  the  total  overstory 
foliage  in  the  red  oak  group  (ROK)  and  the 
white  oak  group  (WOK).  A,  Relationship  be- 
tween MNXTYR,  ROK,  and  WOK  when  egg- 
mass  density  per  acre  in  the  fall  of  year  (n), 
(MNOW)  is  held  constant  at  500  egg  masses 
per  acre.  B,  Relationships  between  MNXTYR, 
ROK,  and  WOK  when  MNOW  is  held  con- 
stant at  2,488  egg  masses  per  acre.  C,  Re- 
lationships between  MNXTYR,  ROK.  and 
WOK  when  MNOW  is  held  constant  at  5,000 
egg  masses  per  acre.  Outbreak  conditions. 
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in  those  composed  primarily  of  white  oak 
when  current  density  was  about  500  egg  mass- 
es per  acre  (fig.  7A),  but  this  relationship  re- 
versed when  current  density  was  about  5,000 
egg  masses  per  acre  (fig.  7C).  A  transition 
stage  is  shown  between  these  two  extremes, 
when  current  density  was  about  2,500  egg 
masses  per  acre  (fig.  7B). 

In  the  first  case,  stands  composed  primarily 
of  trees  in  the  red  oak  group  may  have  pro- 
vided a  larger  number  of  resting  locations  for 
gypsy  moth  larvae  where  these  insects  were 
relatively  safe  from  predators  than  did  their 
counterparts  in  the  white  oak  group. 

When  current  egg-mass  density  reached  5,- 
000  egg  masses  per  acre,  gypsy  moth  egg-mass 
density  tended  to  be  higher  in  year  (n  +  1) 
in  stands  composed  primarily  of  white  oaks 
than  in  those  composed  primarily  of  the  red 
oak  group.  One  reason  for  this  may  be  that 
the  insect  tends  to  complete  its  development 
somewhat  more  rapidly,  within  any  given  field 
population,  on  white  oak  than  on  red  oak,  at 
least  when  population  density  is  high  (Camp- 
bell 1961).  This  differential  development  rate 
could  have  been  critically  important  in  deter- 
mining generation  survivorship,  especially 
when  defoliation  by  the  insect  approached  100 
percent. 

Food  class  C  (FCC )  .—Egg-mass  density  was 
reduced  as  FCC,  the  percentage  of  the  over- 
story  foliage  that  is  usually  unpalatable  to 
gypsy  moth  larvae,  increased  (fig.  8).  This  re- 
sult is  in  complete  accord  with  many  previous 
observations  in  this  country,  going  back  to 
those  summarized  by  Mosher  (1915). 

Defoliation  of  food  class  A  in  year  (n) 
(DCA(n)  ^.—Density  decreased  in  the  fall  of 
year  (n  -\-  1)  as  defoliation  of  the  favored 
food  trees  increased  in  the  preceding  summer 
(fig.  9).  This  relationship  probably  reflects  the 
reduction  in  the  average  number  of  eggs  in 
each  egg  mass  in  the  fall  of  year  (n)  as  defol- 
iation increased  during  the  summer  of  that 
same  year.  It  may  also  reflect  on  the  physio- 
logical state  of  the  larvae  issuing  in  the  spring 
of  year  (n  -f  1). 

Overall  defoliation  in  year  (n  +  1) 
(DEF(n  -\-  1)  j.— Relationships  between  egg- 
mass  density  in  the  fall  of  year  (n),  subse- 
quent defoliation  in  the  summer  of  year  (n  + 


Figure  8. — Relationships  between  egg-mass 
density  in  the  fall  of  year  (n  -\-  I),  the  per- 
centage of  the  total  overstory  in  class  C  food, 
(FCC),  and  the  percentage  of  the  acres  in 
the  zone  in  the  fall  of  year  (n)  containing  nnore 
than  500  egg  masses  per  acre  (ZDL).  Outbreak 
conditions. 
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Figure  9. — Relationships  between  egg-mass 
density  in  the  fall  of  year  (n  +  I),  egg-mass 
density  per  acre  in  the  fall  of  year  (n)  (MNOW), 
and  percentage  defoliation  of  class  A  food 
trees  during  year  (n)  (DCA(n)).  Outbreak  con- 
ditions. 
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Figure  10. — Relationships  between  egg-nnass 
density  in  the  fall  of  year  (n  -(-  I),  egg-mass 
density  per  acre  in  the  fall  of  year  (n)  (MNOW), 
and  percentage  defoliation  of  the  whole  stand 
during  the  summer  of  year  (n  +  I),  (DEF  (n 
-f-  I ).  Outbreak  conditions. 
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nisms  have  been  proposed  that  might  account 
for  it.  Here  is  a  problem  that  should  be  exam- 
ined as  soon  as  possible. 

Site  Density  Under 
INNOCUOUS  Conditions 

Figures  11  to  18  represent  expected  values 
of  gypsy  moth  egg-mass  density  under  IN- 
NOCUOUS conditions,  wherein  both  low  zone 
density  and  high  zone  density  are  set  at  zero; 
prior  egg-mass  density  (MLSTYR)  is  set  at 
50  egg  masses  per  acre  unless  otherwise  speci- 
fied; and  the  other  independent  variables  are 
allowed  to  vary. 

Egg-mass  densities  (MLSTYR)  and 
("MiVOWj.— Egg-mass  density  in  the  fall  of 
year  (n  +  1)  (MNXTYR)  is  shown  as  a  func- 
tion of  current  density  (MNOW)  and  density 
in  the  fall  of  year  (n  -  1)  (MLSTYR)  in  figure 
11.  Density  only  tended  to  increase  from  year 
(n)  to  (n  +  1)  if  it  had  already  increased  sev- 
eral fold  from  year  (n  —  1)  to  (n)  and  popu- 
lation density,  in  general,  tended  to  stabilize 
at  less  than  50  egg  masses  per  acre  under 
these  INNOCUOUS  conditions.  Recent  stud- 


1),  and  egg-mass  density  in  the  fall  of  year  (n 
+  1)  are  shown  in  figure  10.  Although  density 
clearly  tended  to  decrease  dramatically  as  de- 
foliation approached  100  percent,  it  also 
tended  to  decrease  as  defoliation  approached 
zero. 

Density  undoubtedly  tended  to  decrease  as 
defoliation  approached  100  percent  not  only 
because  the  insect  was  exhausting  its  food 
base,  but  also  because  the  incidence  of  disease, 
desiccation,  and  stinging  by  ichneumonid 
wasps  all  tend  to  increase  dramatically  under 
these  conditions  (Campbell  1963a  and 
(1963b);  and  since  all  these  mortahty  factors 
also  tend  to  kill  more  female  than  male  in- 
sects, their  real  effects  would  be  magnified 
even  more.  This  mechanism  could  reduce  an 
OUTBREAK  phase  to  an  INNOCUOUS  one, 
although  widespread  and  extremely  heavy  de- 
foliation would  both  be  prerequisites. 

Finally,  why  should  population  density  have 
tended  to  decrease  as  defohation  approached 
zero?  Although  this  phenomenon  appears  to 
be  relatively  common,  it  has  been  mentioned 
only  briefly  in  the  literature,  and  no  mecha- 


Figure  I  I . — Relationships  between  egg-mass 
density  per  acre  in  the  fall  of  year  (n  -|-  I), 
and  egg-mass  densities  per  acre  In  the  fall  of 
year  (n  -  I)  and  (n)  (MLSTYR  and  MNOW). 
Innocuous  conditions. 
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ies  suggest  that  this  low-level  stability  may 
have  been  achieved  largely  through  the  activi- 
ties of  vertebrate  predators  (Campbell 
1967b). 

Precipitation  in  May  of  year  (n)  (PM).— 
The  relationship  between  precipitation  in  May 
of  year  (n)  and  egg-mass  density  in  the  fall  of 
year  (n  -)-  1)  is  shown  in  figure  12,  with  both 
prior  and  current  densities  held  at  50  egg  mass- 
es per  acre.  Even  when  no  rainfall  occurred  in 
May  of  year  (n),  only  about  60  egg  masses 
could  be  expected  per  acre  in  the  fall  of  year 
(n  -(-  1),  so  this  relationship  was  probably  not 
biologically  significant  during  the  INNOCU- 
OUS phase. 


Figure  12. — Relationships  between  egg-mass 
density  in  the  fall  of  year  (n  -|-  ')  and  preci- 
pitation in  May  of  year  (n)  (PM).  Innocuous 
conditions. 
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Figure  13. — Relationships  between  egg-mass 
density  in  the  fall  of  year  (n  -|-  1),  precipita- 
tion in  June  of  year  (n  +  I)  (RJ),  and  the  per- 
centage of  the  acres  in  the  zone  in  the  fall  of 
year  (n)  containing  more  than  500  egg  masses 
per  acre  (ZDL).  Innocuous  conditions. 
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Figure  14. — Relationships  between  egg-mass 
density  in  the  fall  of  year  (n)  (MNOW),  and 
the  mean  minimum  temperature  during  the 
coldest  month  between  years  (n)  and  (n  -|-  I) 
(TMN).  Innocuous  conditions. 
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Precipitation  in  June  of  year  (n  -\-  1) 
ri?-/^.— Relationships  between  precipitation  in 
June  of  year  (n  -j-  1),  low  zone  density  in  the 
fall  of  year  (n),  and  subsequent  egg-mass 
density  in  the  fall  of  year  (n  +  1)  are  shown 
in  figure  13.  Apparently  this  precipitation  var- 
iable, like  precipitation  in  May  of  year  (n), 
was  not  biologically  significant  within  the  IN- 
NOCUOUS range. 

Mean  minimum  winter  temperature 
(TMN).— Gypsy  moth  density  in  year  (n  +  1) 
was  not  particularly  responsive  to  variation  in 
the  mean  minimum  winter  temperature  during 
the  coldest  month  between  year  (n)  and  (n  + 
1)  (fig.  14).  Thus  this  variable,  like  precipita- 
tion, was  probably  not  biologically  significant 
within  the  INNOCUOUS  range,  except  when 
exceptionally  low  temperature  regimes  were 
maintained. 

White  oak  (WOK),  red  oak  (ROK),  and 
current  density  fMNOW^.— Relationships  be- 
tween the  percentage  of  the  total  overstory  fo- 
liage in  the  white  oak  group  (WOK),  the  per- 
centage of  this  total  in  the  red  oak  group 
(ROK),  the  current  number  of  egg  masses  per 
acre  (MNOW),  and  the  number  of  egg  masses 
per  acre  in  the  fall  of  year  (n  +  1) 
(MNXTYR)  are  shown  in  figure  15.  Although 
stands  composed  primarily  of  red  oak  group 
trees  consistently  tended   to  produce  higher 
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Figure  15. — Relationships  between  egg-nnass 
density  In  the  fall  of  year  (n  +  I)  (MNXTYR) 
and  the  percentages  of  the  total  overstory 
foliage  In:  (a)  the  red  oak  group  (ROK)  and 
(b)  the  white  oak  group  (WOK).  A,  Relation- 
ships between  MNXTYR.  ROK.  and  WOK 
when  egg-mass  density  per  acre  in  the  fall  of 
year  (n)  (MNOW)  is  held  constant  at  50  egg 
masses  per  acre.  B,  Relationships  between 
MNXTYR,  ROK,  and  WOK  when  MNOW  Is 
held  constant  at  250  egg  masses  per  acre.  C, 
Relationships  between  MNXTYR,  ROK.  and 
WOK  when  MNOW  Is  held  constant  at  500 
egg  masses  per  acre.  Innocuous  conditions. 
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Figure  16. — Relationships  between  egg-mass 
density  in  the  fall  of  year  (n  -|-  I),  the  per- 
centage of  the  total  overstory  In  class  C  food 
(FCC),  and  the  percentage  of  the  acres  In  the 
zone  In  the  fall  of  year  (n)  containing  more 
than  500  egg  masses  per  acre  (ZDL).  Innocuous 
conditions. 


100  r 


0  5  to  15  20  2$ 

PERCENTAGE  OF  TOTAL  OVERSTORY  FOLIAGE  IN  CLASS  C  FOOD 


200 


150 


100 


50      - 


B 


MNOW  =  250 


W0K  =  50 


W0I(  =  75 


25 


50 


250 


200 


150 


100 


MN0W=500 


W0K=50 


WO«=75 


25 


SO 


75 


PERCENTAGE      OF      TOTAL      OVERSTORY      FOLIA 


IN      RED      OAK      GROUP 


egg-mass  densities  than  those  composed  prf- 
marily  of  trees  from  the  white  oak  group,  egg- 
mass  densities  tended  to  be  reduced  from  year 
(n)  to  (n  +  1)  under  any  combination  of 
these  overstory  variables  if  they  had  chanced 
to  reach  250  or  more  egg  masses  per  acre  in 
the  fall  of  year  (n).  Thus  variation  in  the 
overstory  composition  does  not  appear  to  in- 
clude a  mechanism  through  which  the  popula- 
tion system  could  reach  the  OUTBREAK- 
phase. 

Food  class  C  ('FCC j.— Variation  in  the 
amount  of  class  C  food  bore  almost  no  rela- 
tionship to  egg-mass  density  in  the  fall  of  year 
(n  +  1)  under  INNOCUOUS  conditions  (fig. 
16). 

Defoliation  of  food  class  A  in  year  (n) 
(DCA(n)  ^.—Relationships  between  defoha- 
tion  of  class  A  food  in  year  (n)  and  egg-mass 
density  in  the  fall  of  year  (n  +  1)  are  shown 
in  figure  17.  The  relationship  shown  indicates 
that  egg-mass  density  could  not  be  expected 
to  increase  out  of  the  INNOCUOUS  range 
under  any  previous  defoUation  regime. 

Overall  defoliation  in  year  (n  -\-  1  — 
(DEF(n  =  1)  ^.—Finally,  relationships  be- 
tween defohation  in  the  summer  of  year  (n  + 
1)  and  egg-mass  density  in  the  fall  of  that 
year  are  shown  in  figure  18.  Although  egg- 
mass  density  tended  to  be  highest  in  year  (n 
+  1)  following  defoliation  of  about  40  percent 
of  the  overstory,  the  model  indicates  that  even 
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Figure  17. — Relationships  between  egg-mass 
density  in  the  fall  of  year  (n  -(-  M,  egg-mass 
density  per  acre  in  the  fall  of  year  (n)  (MNOW), 
and  percentage  defoliation  of  class  A  trees 
during  year  (n)  (DCA(n)).  Innocuous  conditions. 
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Figure  18. — Relationships  between  egg-mass 
density  in  the  fall  of  year  (n  -|-  I],  egg-mass 
density  per  acre  in  the  fall  of  year  (n)  (MNOW), 
and  percentage  defoliation  of  the  whole  stand 
during  the  summer  of  year  (n  -f  ')  (DEF  (n  -|- 
I).  Innocuous  conditions. 
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this  highest  density  represented  about  a  two- 
fold reduction  in  egg-mass  density  from  year 
(n)  to  (n+  1)  if  about  500  egg  masses  were 
present  per  acre  in  the  fall  of  year  (n). 


The  model  just  described  leads  toward  four 
general  conclusions  about  the  behavior  of  the 
gypsy  moth  population  system  between  1911 
and  1931  in  eastern  New  England. 

First,  once  the  system  reached  a  sufficiently 
high  overall  density,  a  massive  outbreak  could 
be  expected  to  continue  for  many  years. 

Second,  almost  any  woodland  environment, 
regardless  of  its  inherent  capacity  to  maintain 
gypsy  moth  populations  within  a  sparse  range, 
would  probably  have  been  characterized,  at 
times,  by  a  high  density  resident  gypsy  moth 
population,  if  it  were  located  in  the  vicinity  of 
a  massive  outbreak. 

Third,  the  system  was  relatively  stable  in 
either  the  OUTBREAK  phase  or  the  INNOC- 
UOUS one,  but  it  showed  no  tendency  toward, 
or  capacity  for,  stability  within  any  intermedi- 
ate phase.  Local  isolated  outbreaks  were  much 
more  likely  to  subside  within  a  year  or  two  to 
the  INNOCUOUS  phase  than  to  expand  to 
the  OUTBREAK  phase,  while  isolated  low- 
density  populations  tended  to  increase  rapidly 
to  high  density  levels  during  the  OUTBREAK 
phase. 

Fourth,  this  model  does  not  indicate  mecha- 
nisms sufficient  to  change  the  system  from  the 
INNOCUOUS  phase  to  the  OUTBREAK  one. 
Both  a  raitonale  for  each  of  the  above  conclu- 
sions and  the  impUcations  arising  from  each 
one  are  described  below. 

Conclusions  one  and  two  are  truly  alarming, 
because  they  imply  that  a  massive  outbreak 
by  this  insect,  left  alone,  may  not  only  persist 
for  many  years,  but  also  will  probably  expand 
in  size. 

This  conclusion  is  difficult  to  verify  or  deny, 
because  man  has  seldom  left  massive  wood- 
land outbreaks  by  this  pest  untreated,  yet  the 
population  system  that  was  studied  in  Glen- 
ville.  New  York,  between  1958  and  1964  re- 
mained in  the  OUTBREAK  phase  for  about  8 
years  and  tended  to  expand  during  this  time. 
A  similar  situation,  on  a  truly  massive  scale, 
may  also  have  developed  in  southern  Connect- 
icut, southern  New  York  state.  New  Jersey, 
and  eastern  Pennsylvania  in  recent  years. 

Both  the  model  and  the  experience  of  spe- 
cialists in  the  management  of  this  pest  indi- 
cate that  treatment  applied  piecemeal  to  ex- 
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ceptionally  high-density  populations  does  not 
cope  with  the  underlying  problem  during  the 
OUTBREAK  phase.  Such  spot  treatments  can 
usually  be  relied  upon  to  save  foliage  and  to 
keep  trees  alive  that  might  otherwise  be  lost, 
but  that  is  all  they  can  be  relied  upon  to  ac- 
complish. Indeed,  many  spots  can  be  found 
within  any  massive  outbreak  that  have  been 
treated  several  times— at  intervals  ranging 
from  2  to  5  years. 

Options  for  coping  with  a  massive  outbreak 
of  this  pest  are  limited. 

(1)  We  can  do  nothing,  and  hope  that  one 
of  the  following  naturally  occurring  processes 
will  terminate  the  OUTBREAK  phase: 

•  Populations  will  increase  explosively  to  ex- 
tremely high  levels  from  year  (n  ~  1)  to 
(n)  and  then  recede  abruptly  to  innocuous 
levels  in  year  (n  +  1). 

•  The  area  covered  by  the  entire  OUT- 
BREAK system  will  be  virtually  stripped  of 
its  foliage  in  the  summer  of  year  (n  -|-  1), 
and  subsequent  density  levels  will  return  to 
the  INNOCUOUS  phase. 

•  Precipitation  will  be  extremely  high  in 
June  of  year  (n  +  1)  across  the  entire  area. 

•  The  mean  minimum  winter  temperature 
during  the  coldest  month  between  years  (n) 
and  (n  +  1)  will  approach  zero  '  F.  across 
the  entire  area. 

(2)  Or  we  can  continue  to  treat  places 
where  the  values  threatened  by  the  insect  are 
known  to  exceed  both  the  known  direct  cost 
and  estimated  indirect  costs  of  control,  in  the 
knowledge  that  such  treatments  will  not  solve 
the  underlying  problem. 

Clearly,  what  is  really  needed  here  is  an  en- 
vironmentally acceptable  treatment  that  could 


be  applied  effectively  to  the  entire  massive 
outbreak,  but  no  such  treatment  is  now  avail- 
able. 

The  fact  that  we  are  dealing  with  an  appar- 
ently two-phase  system,  INNOCUOUS  or 
OUTBREAK,  is  encouraging.  This  implies  that 
both  research  and  control  work  can  be  planned 
to  cope  with  one  phase  or  the  other,  with  the 
knowledge  beforehand  that  this  system  will 
transit  rapidly  to  one  phase  or  the  other  even 
if  it  happens  to  be  in  a  transient  state  when 
work  is  initiated.  Further,  the  model  implies 
that  the  state  of  the  system  in  year  (n  -(-  1) 
could  have  been  forecast  accurately  between 
1911  and  1931  just  by  knowing  zone  density 
in  year  (n). 

Finally,  the  model  failed  to  indicate  a  mech- 
anism through  which  the  INNOCUOUS  phase 
might  be  transformed  to  the  OUTBREAK 
one,  except  through  increasing  the  general 
density  level  of  the  system,  presumably 
through  an  overlap  between  areas  in  the  OUT- 
BREAK and  INNOCUOUS  phases.  This  is 
unfortunate  because  the  ideal  way  to  manage 
this  population  system  would  be  to  prevent 
outbreaks  from  occurring,  but  we  can  only 
hope  to  specify  strategies  through  which  this 
management  goal  could  be  achieved  after 
these  mechanisms  have  been  discovered.  A 
clue  to  the  physical  whereabouts  of  one  such 
mechanism  may  be  attributed  to  Forbush  and 
Fernald  (1896),  who  wrote  that: 

The  study  of  the  infested  territory  made  in 
1891  showed  that  the  most  densely  infested 
areas  were  very  nearly  coincident  with  the  cen- 
ters of  [human]  population.  In  other  words 
the  moth  colonies  were  larger  and  more  nu- 
merous in  or  near  thickly  populated  districts. 

In  short,  one  answer  to  this  puzzle  may  be 
found  literally  in  our  own  backyards,  and  we 
are  now  establishing  a  plot  system  in  subur- 
ban areas  to  evaluate  this  possibility. 
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APPENDIX 


Mean  values  of  the  independent  variables  used  to  calculate  figures  1  to 
18. 

Variable  Mean  value 


Current  egg-mass  density  (MNOW)  2,448  egg  masses  per  acre 

Prior  egg-mass  density  (MLSTYR)  2,705  egg  masses  per  acre 

Low  zone  density  (ZDL)  53  percent 

High  zone  density  (ZDH)  14  percent 

Precipitation  in  May  of  year  3.17  inches 

(n)  (PM) 

Precipitation  in  June  of  vear  3.59  inches 

(n-f  1)  (RJ) 

Mean  minimum  winter  temperature  14°F 

(TMN) 

White  oak  group  (WOK)  24  percent 

Red  oak  group  (ROK)  51  percent 

Food  clas.sC  (FCC)  0.4  percent 

Prior  defoliation  (DCA(n))  22  percent 

Current  defoliation  (DEF  (n  +  1))  16  percent 
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STRUCTURE  OF  AN 
URBAN  CHRISTMAS  TREE  MARKET 


ABSTRACT 

The  retail  Christmas  tree  market  in  Winston-Salem,  N.  C,  was 
studied  3  years.  Types  of  retailers  and  their  sales  are  described. 
Best  sales  were  made  by  dealers  who  had  lots  on  heavily  traveled 
streets  in  business  districts,  had  ample  parking  facilities,  advertised, 
and  displayed  their  trees  well. 


Q- ROWING  AND  SELLING  Christmas 
trees  is  big  business  in  the  United  States. 
Thousands  of  growers  supply  an  even  larger 
number  of  wholesalers  and  retailers  with 
about  40  million  natural  Christmas  trees  each 
year.  Consumers  spend  nearly  $200  million 
for  these  evergreens.  An  additional  5  to  6 
million  artificial  trees  are  sold  at  retail  each 
year  for  more  than  $65  million. 

To  sell  this  many  natural  Christmas  trees 
in  just  a  few  weeks  requires  an  efficient  mar- 
keting system.  Producers  of  natural  trees 
must  quickly  move  their  products  to  dealers 
located  in  the  thousands  of  markets  across 
the  country.  These  dealers  in  turn  must  find 
buyers  for  the  trees  before  Christmas  day. 
From  producer  to  consumer,  distribution  must 
be  fast  and  efficient.  No  one  wants  to  be 
caught  with  leftover  trees  on  Christmas  day. 

To  gain  a  better  understanding  of  how 
natural  Christmas  trees  are  marketed,  we 
studied  an  urban  Christmas  tree  retail  mar- 
ket. Information  was  sought  about  the  nature 
and  degree  of  concentration  of  Christmas  tree 
retailers,  conditions  of  entry  into  the  market, 
retail  price  pohcies,  location  characteristics, 
and  promotional  techniques. 

THE  STUDY 

During  the  1967,  1968,  and  1969  Christmas 
seasons,  a  survey  was  made  of  all  natural 
Christmas  tree  retailers  in  Winston-Salem, 
North  Carolina.  All  tree  retailers  were  visited 
each  year,  and  their  operations  were  observed. 

After  the  selling  season,  each  retailer  was 
asked  to  provide  information  about  his  Christ- 
mas tree  business.  In  this  way,  data  were 
obtained  on  tree  sales  and  prices,  types  and 
locations  of  retail  outlets,  and  marketing 
techniques.  Analysis  of  these  data  provided 
information  about  the  structure  of  the 
Winston-Salem  Christmas  tree  retail  market. 


THE  MARKET 

The  Urban  Area 

Winston-Salem  is  located  on  the  Piedmont 
Plateau  in  northwestern  North  Carolina.  In 
1970,  the  population  of  the  city  plus  urban 
fringe  was  about  170,000.  Almost  130,000 
of  these  resided  within  the  city  Umits.  The 
number  of  households  in  the  city  was  nearly 
45,000.  The  age  distribution  of  the  popula- 
tion was  similar  to  that  for  the  United  States. 

The  per-capita  disposable  income  for 
Winston-Salem  in  1968  was  about  $2,800, 
slightly  below  the  national  average.  Disposa- 
ble income  per  household  was  about  $9,500. 
However,  like  most  urban  areas,  geographical 
income  differences  were  extreme.  In  the  afflu- 
ent sections  in  the  western  part  of  the  city, 
average  household  disposable  income  was  over 
$20,000,  and  in  certain  sections  in  the  central 
and  eastern  parts  of  the  city,  disposable  in- 
come was  less  than  $3,000. 

Sales 

Christmas  tree  retailers  in  Winston-Salem 
sold  about  9,000  natural  trees  in  1967,  10,000 
in  1968,  and  12,000  in  1969  (table  1).  Balsam 
fir  was  by  far  the  biggest  seller  each  year, 
accounting  for  more  than  40  percent  of  all 
trees  sold. 

In  1967,  eastern  red  cedar  and  white  pine 
were  second  and  third  in  sales,  respectively. 
By  1969,  the  cedar  had  slipped  to  fifth  in 


popularity.  White  pine  was  the  second  most 
popular  tree  in  1969,  followed  by  Fraser  fir 
and  Scotch  pine.  The  large  decline  in  sale  of 
cedars  was  attributed  to  an  increase  in  the 
supply  of  the  better-quality  pines  and  firs. 
Sales  of  Fraser  fir  doubled  between  1967  and 
1969. 

Unsold  trees  varied  from  about  15  percent 
of  the  stock  in  1967  to  about  10  percent  in 
1968  and  18  percent  in  1969.  Eastern  red 
cedar  led  the  list  of  unsold  trees.  Lot  operators 
had  to  discard  about  one-fifth  of  their  cedars 
each  year.  Generally,  fewer  Scotch  pines  had 
to  be  discarded  than  any  other  species. 

(About  17,000  artificial  Christmas  trees 
were  used  in  Winston-Salem  in  1969.  About 
25  percent  of  these  trees  were  bought  new 
in  1969.) 

Prices 

The  retail  price  of  Christmas  trees  varied 
according  to  species  (table  2);  but  of  all  the 
major  species,  Fraser  fir  brought  the  highest 
price  each  year. 

The  average  percentage  retail  markup  of 
the  five  major  species  declined  notably  over 
the  3  years,  from  118  percent  in  1967  to  98 
percent  in  1968  and  91  percent  in  1969.  Gen- 
erally, white  pine  and  cedar  had  the  highest 
markups.  The  high-priced  Fraser  fir  had  the 
smallest  markup  each  year.  A  relatively  large 
increase  in  wholesale  tree  prices  was  respon- 
sible for  the  decUne  in  markups. 


Table  1. — Christmas  tree  sales  in  Winston-Salem,  North  Carolina,  1967-69 


1967 

1968 

1969 

Type 

Percent 

Percent 

Percent 

Number 

of  trees 
available 

Numbei 

r       of  trees 
available 

Number 

of  trees 
available 

Balsam  fir 

3,762 

89.6 

4,529 

92.2 

5,173 

81.7 

White  pine 

1,566 

84.1 

1,737 

87.1 

2,075 

81.3 

Fraser  fir 

615 

82.4 

848 

96.4 

1,382 

83.7 

Scotch  pine 

976 

95.2 

1,305 

93.2 

1,304 

87.1 

Eastern  red  cedar 

1,686 

77.3 

1.097 

81.4 

900 

78.5 

Blue  spruce 

— 

— 

— 

— 

83 

87.4 

Norway  spruce 

16 

100.0 

3 

15.0 

65 

81.2 

Douglas-fir 

— 

— 

— 

— 

57 

95.0 

White  spruce 

35 

70.0 

— 

— 

— 

— 

Arizona  cypress 

40 

66.7 

— 

— 

— 

— 

Halvorsoni 

531 

77.8 

633 

95.6 

902 

85.5 

Total 

9,227 

85.3 

10,152 

90.3 

11.941 

82.5 

lA  color-processed  natural  spruce. 


Table  2. — Average  re/a;7  price  of  Chrisfmas  frees 
in  Winsfon-Salem,  1967-69 


Species 

1967 

1968 

1969 

Balsam  fir 

$2.84 

$3.10 

$3.34 

White  pine 

4.44 

4.69 

4.19 

Fraser  fir 

4.81 

6.73 

6.90 

Scotch  pine 

4.55 

4.76 

4.11 

Eastern  red  cedar 

2.08 

2.32 

2.86 

Blue  spruce 

— 

— 

4.00 

Norway  spruce 

3.25 

— 

— 

Douglas-fir 

— 

— 

7.00 

White  spruce 

2.00 

— 

— 

Arizona  cypress 

1.10 

— 

— 

Halvorson 

2.00 

2.32 

2.08 

Average 

$3.21 

$3.75 

$3.87 

Chain  grocery  stores  and  discount  stores 
sold  Christmas  trees  at  below-average  mark- 
ups. Trees  sold  by  nurseries  and  florists  car- 
ried the  highest  markups. 

THE  RETAIL  STRUCTURE 

There  were  53  Christmas  tree  retailers  in 
Winston-Salem  in  both  1967  and  1969.  Only 
46  retailers  sold  Christmas  trees  in  1968. 

Type  of  Retailers 

Many  different  types  of  retail  outlets  sold 
Christmas  trees  in  Winston-Salem  between 
1967  and  1969.  Each  year,  over  one-third  of 
all  Christmas  tree  retailers  were  chain  grocery 
stores.  Independent  sales  lots  (including  those 
operated  by  church  and  civic  groups)  ac- 
counted for  about  22  percent  of  the  retailers, 
discount  stores  for  about  13  percent;  inde- 
pendent grocers,  nurseries  and  florists,  service 
stations,  and  other  dealers  made  up  about 
30  percent. 

The  proportion  of  sales  for  the  different 
types  of  retailers  was  as  follows: 


Type  of 

Sales 

retailer 

(percent) 

Chain  groceries 

25.9 

Independent  lots 

44.4 

Discount  stores 

15.4 

Independent  grocers 

2.6 

Nurseries  and  florists 

5.3 

Service  stations 

3.8 

Other 

2.6 

100.0 

In    1969,    eight    retail    organizations    each 
operated  two  or  more  Christmas  tree  outlets. 


Five  of  these  were  major  food  chains.  There 
were  nine  retail  organizations  with  more  than 
one  outlet  in  1967  and  seven  in  1968.  In  each 
of  the  3  years,  about  one-half  of  all  outlets 
belonged  to  some  type  of  chain  organization. 
These  retail  outlets  sold  about  35  percent  of 
all  the  trees  sold  each  year. 

Size  of  Retailers 

The  Winston-Salem  market  was  character- 
ized by  a  few  large  tree  retailers  and  many 
small  ones.  In  each  of  the  3  years,  the  10 
largest  retailers — roughly  20  percent  of  all 
retailers — sold  about  60  percent  of  all  the 
trees  sold.  In  1969,  each  of  the  10  largest 
retailers  sold  an  average  of  722  trees.  All 
other  retailers  averaged  less  than  110  trees 
each. 

Ease  of  Entry  and  Exit 

The  retail  Christmas  tree  market  in  Win- 
ston-Salem was  characterized  by  ease  of  entry 
and  exit  of  sellers.  There  are  three  reasons. 

•  The  only  major  investment  required  of  the 
retailer  is  an  inventory  of  trees.  And  be- 
cause the  selling  season  is  short,  the  invest- 
ment is  recovered  quickly.  No  permanent 
facilities  are  needed. 

•  The  trees  of  one  retailer  are  very  much  like 
the  trees  of  any  other;  so  consumers  have 
no  reason  to  think  that  one  retailer  will 
have  better  trees  than  any  other. 

•  The  supply  of  Christmas  trees  for  sale  at 
wholesale  in  Winston-Salem  was  more  than 
adequate  for  the  existing  demand.  Accord- 
ingly, new  retailers  had  no  difficulty  in 
obtaining  a  sufficient  quantity  of  suitable 
trees. 

The  lack  of  barriers  to  entry  and  exit  was 
clearly  evident  in  Winston -Salem  between 
1967  and  1969.  Between  1967  and  1968,  13 
retailers  left  and  6  entered.  And  between  1968 
and  1969,  11  retailers  entered  and  4  left.  Of 
the  65  different  retailers  who  sold  trees  be- 
tween 1967  and  1969,  35  percent  lasted  just 
1  year.  Only  37  retailers — 57  percent — were  in 
the  tree  business  all  3  years. 

The  small  retail  outlets  were  responsible  for 
most  of  the  fluctuation  in  the  number  of  re- 
tailers; large  operators  seldom  left  the  busi- 


ness.  The  average  sales  of  those  retailers  that 
left  the  business  was  only  about  100  trees. 
All  but  one  of  the  10  largest  retailers  in  1967 
were  still  in  business  in  1968.  And  all  of  the 
10  largest  retailers  in  1968  were  still  seUing 
trees  in  1969. 


LOT  LOCATION 

Business  areas  and  major  traffic  arteries 
have  one  thing  in  common  —  people.  And 
people  demand  goods  and  services,  including 
Christmas  trees.  Retail  Christmas  tree  outlets 
that  are  located  where  consumer  demand  is 
large  can  be  expected  to  sell  more  trees  and 
sell  them  at  higher  prices. 

Type  of  Area 

Most  Christmas  tree  retailers  —  70  to  80 
percent  —  in  Winston-Salem  were  located  in 
business  areas.  About  one-third  of  all  retailers 
were  located  in  shopping  centers  each  year. 
Every  one  of  the  10  largest  retailers  in  1968 
and  1969  was  located  in  a  business  area. 

Retailers  located  in  business  areas  sold 
more  trees  and  discarded  fewer  each  year 
than  did  those  in  residential  areas  (fig.  1). 
In  1968,  the  typical  residential  retailer  sold 
only  98  trees  and  had  to  discard  1  tree  for 
every  4  trees  sold.  In  1969,  the  average  re- 
tailer in  a  business  area  sold  241  trees,  but 
the  average  retailer  in  a  residential  area  only 
sold  156  trees. 

In  addition  to  selling  more  trees,  retailers 
in  business  areas  received  a  higher  price  for 
their  trees.  For  example,  in  1969,  the  average 
price  of  trees  sold  in  business  areas  was  $4.04; 
the  price  in  residential  areas  was  $3.76. 

Type  of  Street 

About  half  of  all  Christmas  tree  retailers  in 
Winston-Salem  were  located  on  major  traffic 
arteries  (average  daily  volume  of  more  than 
10,000  vehicles).  These  retailers  sold  more 
than  twice  as  many  trees  as  retailers  located 
on  streets  with  less  traffic.  Eight  of  the  10 
largest  retailers  were  located  on  major  streets 
in  both  1968  and  1969. 

Prices  were  also  higher  at  outlets  located 
on  major  streets.  In  1969,  the  average  price 


Figure  1. — A  Christmas  tree  retailer  located 
in  a  residential  area  cannot  expect  to  sell 
many  trees. 


of  trees  sold  by  retailers  on  major  streets  was 
$4.24,  or  $0.87  higher  than  tree  prices  at 
retail  outlets  on  minor  streets.  The  average 
price  differences  in  1967  and  1968  were  $0.51 
and  $1.12,  respectively. 

Over  the  3-year  period,  the  proportion  of 
Christmas  tree  retailers  located  on  major 
traffic  arteries  gradually  increased.  This  trend 
will  probably  continue  as  more  and  more  re- 
tailers realize  the  importance  of  selhng  trees 
where  consumers  concentrate. 

Parking  Facilities 

Buyers  of  natural  Christmas  trees  seem  to 
prefer  the  convenience  of  large  and  easily 
accessible  parking  lots.  Retailers  providing 
adequate  parking  sold  over  twice  as  many 
trees  than  did  other  retailers.  And  they  had 
fewer  trees  left  over  on  Christmas  day.  For 
example,  in  1969,  retailers  without  adequate 
parking  facilities  had  to  discard  two  trees  for 
every  three  sold. 

Tree  prices  were  also  higher  at  locations 
with  large  parking  areas.  Tree  buyers  were 
apparently  willing  to  pay  for  convenient  park- 
ing facilities. 

Most  Christmas  tree  retailers  in  Winston- 
Salem  realized  the  importance  of  large  and 
easily  accessible  parking  facilities.  About  70 


percent  of  the  retail  outlets  had  adequate 
parking  facilities.  The  others  had  either  small 
and  cramped  parking  lots  or  none  at  all. 

PROMOTION 

Advertising  and  product  display  were  the 
most  widely  used  methods  for  promoting  sale 
of  Christmas  trees  in  Winston-Salem. 

Advertising 

About  half  of  all  retailers  advertised  their 
Christmas  trees  each  year.  This  advertising 
included  newspaper,  television,  and  radio  ads; 
handbills;  trading-stamp  specials;  special  dis- 
plays; and  direct-mail  campaigns. 

Newspaper  advertising  was  the  most  com- 
mon. In  1967,  about  40  percent  of  the  retailers 
advertised  in  newspapers,  and  in  1968  and 
1969,  the  number  was  almost  50  percent. 
Newspaper  advertising  was  used  heavily  by 
chain  grocery  stores  and  discount  stores. 

Christmas  tree  retailers  made  very  little  use 
of  radio  and  television  to  reach  the  public. 
In  1969,  only  six  retailers  used  either  one  of 
these  two  media.  Three  of  these  retailers  were 
independent  lots  and  all  were  large.  In  1968, 
four  of  the  five  users  of  radio  and  television 
advertising  were  large  independent  lots. 

The  advertising  media  were  used  by 
Christmas  tree  retailers  as  follows: 


Percent  of  retailers  using  medium 


Medium 

1967 

1968 

1969 

Newspapers 

39.6 

47.8 

47.2 

Television 

7.5 

6.5 

7.6 

Radio 

5.7 

10.9 

11.3 

Handbills 

3.8 

4,3 

3.8 

Other 

3.8 

8.7 

1.9 

In  1968,  each  retailer  who  advertised  sold 
an  average  of  337  trees  and  had  less  than 
7  percent  of  his  trees  left  over  on  Christmas 
day.  The  typical  retailer  who  did  not  adver- 
tise sold  only  105  trees  and  had  almost  20 
percent  of  his  trees  left  over.  The  retailer 
who  advertised  in  1969  sold  an  average  of 
312  trees  compared  to  an  average  of  225  trees 
for  all  retailers.  Each  year,  most  of  the  10 
largest  retailers  advertised. 

Tree  prices  were  generally  higher  at  retail 
outlets  that  advertised.  In  1969,  the  average 
price  received  by  retailers  who  advertised 
was  $0.19  above  that  received  by  those  who 
did  not  advertise.  The  average  price  differ- 
ences in  1967  and  1968  were  $0.35  and  $0.64, 
respectively.  Retailers  who  advertised  eastern 
red  cedar  in  1968  were  able  to  get  at  least 
$1.00  more  than  the  average  price  for  all 
cedars  sold  that  year. 

Product  Display 

Like  advertising,  an  attractive  display  of 
Christmas  trees  lures  customers  to  retail  lots 
and  influences  their  decision  to  buy.  However, 


Figure  2. — An  attractive  display  of  Christmas  trees  and  plenty 
of  parking  space  lures  customers  to  retail  outlets  and  influences 
their  decision  to  buy. 


Christmas  tree  retailers  in  the  Winston-Salem 
market — including  the  very  largest — did  not 
take  full  advantage  of  this  promotional  tech- 
nique. Many — 41  percent  in  1969 — simply 
leaned  their  trees  against  a  building,  racks,  or 
rope.  And  over  one-third  of  the  retailers  piled 
most  of  their  trees  on  the  ground.  Only  one- 
fourth  of  the  retailers  displayed  their  trees 
standing  upright  and  separately  for  ease  of 
selection  (fig.  2). 

The  manner  in  which  Christmas  trees  were 
displayed  on  the  lot  in  Winston-Salem  ap- 
peared to  affect  both  tree  sales  and  prices. 
Generally,  a  retailer  whose  trees  stood  upright 
and  separately  sold  over  twice  as  many  trees 
as  a  retailer  who  leaned  his  trees  against  a 
support  or  stacked  them  in  piles  on  the 
ground.  Retailers  with  good  displays  also  re- 
ceived higher  prices  for  their  trees. 


SUMMARY 

Christmas  tree  retailers  in  Winston-Salem 
were  characterized  by  extremes  in  both  type 
and  size.  Grocery  stores,  discount  houses, 
church  and  civic  groups,  nurseries  and  florists, 
service  stations,  and  even  individuals  had 
trees  for  sale.  Most  of  the  retailers  were  chain 
grocery  stores.  However,  the  independent  lots 
sold  the  most  trees.  Though  most  of  the  re- 
tailers were  small,  a  few  large  retailers  domi- 
nated the  market.  And  because  these  large 
retailers  seldom  left  the  Christmas  tree  busi- 
ness, they  provided  an  element  of  stability 
to  a  market  where  the  turnover  of  retailers 
from  one  year  to  the  next  was  high. 

Christmas  tree  retailers  who  were  located 
on  heavily  traveled  streets  in  business  areas, 
advertised,  and  had  attractive  tree  displays 
and  adequate  parking  facilities  sold  the  most 
trees.  These  retailers  also  received  higher 
prices  for  their  trees. 


THE  FOREST  SERVICE  of  the  U.  S.  Depart- 
ment of  Agriculture  is  dedicated  to  the  principle  of 
multiple  use  management  of  the  Nation's  forest  re- 
sources for  sustained  yields  of  wood,  water,  forage, 
wildlife,  and  recreation.  Through  forestry  research, 
cooperation  with  the  States  and  private  forest 
owners,  and  management  of  the  National  Forests 
and  National  Grasslands,  it  strives  —  as  directed 
by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 
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The 

TIMBER-SUPPLY  POTENTIAL 
of  INTENSIVE  MANAGEMENT 
in  Upland  Oak  Forests  of  Ohio 


ABSTRACT 

Two  alternative  programs  of  intensive  timber  management  were 
defined  for  Ohio's  oak-hickory  forests.  Their  potentials  were  evaluated 
by  comparing  the  expected  yields  and  yield  values  of  each  program 
with  those  expected  from  a  continuation  of  current  management 
practices.  Neither  program  would  produce  large  increases  in  timber 
yield.  But  the  expected  gains  in  yield  value  would  be  substantial. 


Figure  I . — The  Hill  Country  of  Ohio,  where  the  study 
was  made. 


I  HE  USDA  Forest  Service  is  conducting  a 
timber  review  designed  to  reassess  the 
outlook  for  timber  supplies  in  the  United 
States.  One  objective  of  this  review  is  to  esti- 
mate the  potential  effect  of  a  program  of  in- 
tensive timber  management  on  timber  yields 
for  the  next  50  years.  Yields  and  yield  values 
from  an  intensive  program  will  be  compared 
with  those  resulting  from  a  continuation  of 
current  management  practices. 

Pilot  studies  to  develop  procedures  for  this 
task  were  conducted  for  various  forest  types  in 
selected  regions  of  the  Nation.  This  is  a  report 
on  results  from  one  of  those  studies. 

This  investigation  was  concerned  with  in- 
tensification of  timber-producing  practices  in 
oak-hickory  forests  of  the  Ohio  Hill  Country 
(fig.  1).  The  oak-hickory  forest  type  is  a 
major  contributor  to  timber-based  economic 
activity  in  the  eastern  United  States.  Mean- 
ingful information  on  yield  response  to  treat- 
ment is  available  for  this  timber  type.  The 
Ohio  Hill  Country  was  selected  for  study  be- 
cause it  has  an  extensive  acreage  of  oak-hick- 


ory  forest  for  which  recent  and  detailed  infor- 
mation about  timber-stand  characteristics  is 
available. 

PROCEDURE 

Seven  basic  procedural  steps  were  followed 
in  the  analysis. 

Management   Opportunity 
Classes   Were    Identified 

The  Ohio  Hill  Country's  2.3  million  acres  of 
oak-hickory  forest  exhibits  virtually  every 
stage  of  stand  condition  and  development.  Our 
first  task  was  to  disaggregate  this  variable  re- 
source into  well-defined  areas  that  were  rele- 
vant for  selecting,  analyzing,  and  evaluating 
timber-management  practices.  Thirty-six  op- 
portunity classes  were  identified  by  site  index, 
total  basal  area,  average  d.b.h.,  and  level  of 
stocking  in  growing-stock  trees  (table  1), 
(Gansner  et  al.  1973).  They  represent  1.8  mil- 
lion acres  or  four-fifths  of  the  oak-hickory  for- 
est in  the  Hill  Country. 

Representative   Stand 
Profiles   Were    Derived 

The  choice  of  specific  management  strate- 
gies and  evaluation  of  their  yield  potentials  re- 
quired detailed  information  about  the  struc- 
ture of  forest  stands  in  each  management- 
opportunity  class.  Stand  profile  tables,  depict- 
ing the  representative  (average)  forest  acre  in 
each  opportunity  class,  were  developed  from 
forest-inventory  plot  records.  These  tables 
provided  data  on  the  number  of  trees  in  each 
stand  by  species,  d.b.h.,  and  quality  class. 

Management   Strategies 
Were   Selected 

A  management  strategy  was  prescribed  for 
each  forest  stand  representing  a  manage- 
ment-opportunity class.  These  strategies  were 
designed  to  grow  the  most  high-quality  saw- 
timber  the  site  could  produce  in  the  shortest 
possible  time.  Specific  treatments  varied  ac- 
cording to  the  age  and  condition  of  each  repre- 
sentative stand,  but  this  general  guide  was 
followed : 


•  Stands  in  the  <  C  level  stocking  class 
(table  1)  are  not  fully  utilizing  their  sites 
and  cannot  be  expected  to  do  so  for  several 
years.  Therefore  they  should  be  regenerated 
as  soon  as  possible.  The  resulting  new 
stands  should  then  be  cleaned  and  periodi- 
cally thinned  so  as  to  maximize  yields  and 
promote  the  rapid  growth  of  timber  to  a  ma- 
ture stage  of  development. 

•  Stands  in  the  C  to  B  stocking  class  are  ade- 
quately stocked  with  acceptable  trees.  Deci- 
sions about  treating  them  can  normally  be 
deferred  for  at  least  10  years. 

•  Stands  in  the  B+  stocking  class  are  fully 
stocked  with  acceptable  trees.  Improvement 
cuttings  down  to  B-level  stocking,  followed 
by  thinnings  designed  to  promote  the  rapid 
growth  and  maturity  of  timber,  should  be 
undertaken. 

Average  d.b.h.  was  used  to  gage  the  matu- 
rity of  managed  stands.  Maturity  standards 
varied  according  to  site  index  as  follows: 


Site  index 

50-59 
60-69 
70-79 
80+ 


Stand  mature 

when  average 

d.b.h.  is 

(inches) 

12 
15 
18 
21 


Stand    Development 
Was    Projected 

Eventually,  we  wanted  to  compare  the 
yields  of  intensive  management  strategies  with 
those  resulting  from  a  continuation  of  current 
management  practices.  Thus  projections  of 
stand  development,  accounting  for  the  re- 
sponse to  these  two  actions,  were  made  for 
each  representative  stand.  Growth  models  de- 
veloped by  the  Northeastern  Forest  Experi- 
ment Station's  Timber  Management  work  unit 
at  Columbus,  Ohio,  were  used  for  the  projec- 
tions. Current  annual  cutting  rates  provided 
by  the  Northeast  Station's  Forest  Survey 
work  unit  were  used  to  estimate  the  yields  as- 
sociated with  current  management  practices. 


Table  I. — Acreage  oi  oak-hickory  forest  in  the  Ohio  Hill  Country,  by  management-opportun- 
ity classes 


Total 
basal 

Average 
d.b.h.of 

Site  index 

acceptab! 

\r 

It^ 

area 

trees 

<50 

50-59 

60-69 

70-79 

80+ 

(sq.  ft.) 

(inches) 

ACCEPTABLE  TREE  STOCKING  LEVEL 

-C" 

<40 

<11.0 

84,100 

(60,.500)® 

(104,200)® 

(40,300)® 

(26.900)® 

11.0+ 

3,400 

3,400 

3.400 

— 

— 

40-59 

<11.0 

13,400 

(47,100)® 

(74,000)® 

(23,500)® 

(30,300)® 

11.0+ 

3,400 

— 

— 

— 

— 

60-79 

<11.0 

6,700 

6,700 

(16,800)® 

10,100 

3,400 

11.0+ 

— 

3,400 

3.400 

— 

— 

80-99 

<11.0 



— 



6,700 

3,400 

11.0+ 

— 

— 

6,700 

— 

— 

100-119 

<11.0 







3,400 



11.0+ 

— 

— 

— 

— 

3,400 

120+ 

<11.0 

— 

— 

— 





11.0+ 

— 

— 

— 

— 

— 

ACCEPTABLE  TREE  STOCKING  LEVEL  C  TO  B' 

<40 

<11.0 

3,400 

10,100 

(16,800)® 

13.400 

6,700 

11.0+ 

— 

— 

— 

— 

— 

40-59 

<11.0 

40,300 

(47,100)® 

(40,300)® 

(50.400)® 

(26,900)® 

11.0+ 

— 

— 

— 

— 

— 

60-79 

<11.0 

50,400 

(67,200)® 

(90,800)® 

(50,400)® 

(43,700)® 

11.0+ 

— 

— 

— 

— 

— 

80-99 

<11.0 

13,400 

(30,300)® 

(40,300)® 

(30.300)  :Ji! 

(16,800)® 

11.0+ 

— 

— 

— 

3,400 

— 

100-119 

^11.0 

3,400 



1 3,400 



3,400 

1 1 .0+ 

— 

— 

— 

— 

— 

120+ 

<11.0 



— 

3,400 



— 

11.0+ 

— 

— 

— 

— 

— 

ACCEPTABLE  TREE  STOCKING  LEVEL  B+" 

<40 

<11.0 











11.0+ 

— 

— 

— 

— 

— 

40-59 

<11.0 
11.0+ 

z 

6,700 

6,700 

— 

3,400 

60-79 

<11.0 

10,100 

(37,000)® 

(43,700)® 

(16,800)® 

10,100 

11.0+ 

— 

3,400 

— 

— 

— 

80-99 

<11.0 

53,800 

(107,600)® 

(121,000)® 

(87,400)® 

(63,900)® 

11.0+ 

— 

— 

— 

13,400 

100-119 

<11.0 

26,-900 

(53,800)® 

(74,000)® 

(67,200)® 

(63,900)® 

11.0+ 

— • 

— 

3,400 

— 

— 

120+ 

<11.0 

6,700 

13,400 

(26,900)  (gi 

(37,000)® 

(26,900)® 

11.0+ 

— 

— 

— 

— 

— 

'Acce|3table  trees  are  trees  that  fit  the  standard  forest  survey  definition  of  growing  stock. 

''For  definitions  of  B  and  C  stocking  levels,  see  (Roach,  Benjamin  A.,  and  Samuel  F.  Gin- 
grich) Timber  management  guide  for  upland  central  hardwoods;  U.S.  Forest  Serv.  Cent. 
States  Forest  Exp.  Sta.,  33  p.,  illus.  1962. 

CDCircled  numbers  identify  the  36  opportunity  classes. 


The    Economic    Potential    of 
Each    Management    Strategy 
Was    Evaluated 

Each  management  strategy  was  evaluated 
in  terms  of  its  economic  desirability.  This  re- 
quired meaningful  estimates  of  costs  and  re- 
turns. 

Co.s7.s.— Two  basic  kinds  of  cost  were  consid- 
ered and  accounted  for:  (1)  direct  costs  of  in- 
tensive management  jnactices,  and  (2)  oppor- 
tunity costs  (value  forgone)  relative  to  a  con- 
tinuation of  current  management  practices. 

The  direct  costs  of  intensive  actions  were 
simply  those  expenditures  required  to  remove 
unmerchantable  trees  in  regeneration  and  im- 
provement cuttings  and  cleanings.  Equations 
reflecting  the  difficulty  of  the  tree-removal  job 
(in  number  and  size  of  trees  removed)  were 
used  to  calculate  the  costs  of  regeneration  and 
improvement  cuttings.  The  costs  of  cleanings 
were  based  on  current  estimates  of  the  aver- 
age time  and  manpower  required  to  complete 
this  kind  of  work  on  local  experimental  for- 
ests. Any  cut  yielding  less  than  .S  cords  of  net 
volume  per  acre  was  presumed  inoperable  and 
therefore  was  considered  strictly  a  cost  opera- 
tion. 

The  opportunity  costs  were  estimates  of  the 
value   that    would   be   produced   by   a    timber 


stand  if  current  management  practices  con- 
tinue. Current  annual  cutting  rates  were  used 
to  calculate  the  tree  removals  associated  with 
current  management  practices.  The  value  of 
the.se  removals  and  the  value  of  the  residual 
stand  at  the  end  of  the  investment  period 
were  calculated,  using  the  yield  evaluation 
procedure  outlined  below.  These  values  repre- 
sented the  opportunity  costs  of  management. 

/?(^/f/r/?.s.  — Returns  to  each  management 
strategy  were  appraised  in  terms  of  the  dollar 
value  of  projected  timber  yields.  Tree  conver- 
sion values  developed  by  the  Northeastern 
Station's  Economics  work  unit  at  Columbus, 
Ohio,  were  used  to  derive  values  reflecting  the 
net  worth  of  standing  trees.  These  tree  values 
accounted  for  variations  in  tree  size,  species, 
tree  quality,  management  intensity,  and  .site 
productivity.  Application  of  the.se  tree  values 
to  stand-table  projections  provided  estimates 
of  the  value  of  management  strategy  yields. 

Economic  Potential.— Pre?,cnt  net  worth  val- 
ues were  calculated,  using  a  discount  rate  of  .5 
percent,  for  each  management  strategy  from 
schedules  of  the  amount  and  timing  of  costs 
and  returns  (See  table  2  for  example  of  one 
schedule.)  Two  assumptions  about  projected 
changes  in  the  relative  value  of  timber  and 
treatment  costs  were  considered;  timber  val- 


Table  2. — Schedule  of  costs  and  returns '  for  managennent-oppor+unity  class  No.  6, 

in  dollars  per  acre 


Yoar 


1-70 

0 
10 
30 
42 
52 
62 


70 


Action 


Opportunity 

co.sts  (value 

forgone) 


Direct 

costs 


Current  management  continued 

Regeneration  cutting 
Cleaning 

Commercial  thinning 
Commercial  thinning 
Commercial  thinning 
Commercial  thinning 


Value  of 
residual  stand 


Intensive 
management 


Current 

managemeni 

continued 


$1.90  per 
year 


20K..'')0 


$12.70 
21.50 


Return.s 


$75.80 

12.50 
12.50 
24.70 
53.00 

673.70 


"Assuming  no  change  in  the  relative  value  of  timher  or  treatment  costs  over  time. 
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Table  3. — Economic  potential  of  intensive  management  strategies 


Management  opportunity  class 


No. 


Area 
(acres) 


Description 


Total 

basal 

area 

(sq.  ft.) 


Acceptable 

tree  stocking 

level 


Site 
index 

class 


Management 
strategy 


Present  net  worth 
per  acre 
if  timber  values 
and  treatment  costs- 


Remain 
constant 


Increase 

at  compound 

rate  of  2% 


1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

thru 

22 

23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 


60,500 
104,200 
40,300 
26,900 
47,100 
74,000 
23,500 
30,300 
16,800 


551,300 


37,000 
43,700 
16,800 
107,600 
121,000 
87,400 
63,900 
53,800 
74,000 
67,200 
63,900 
26,900 
37,000 
26,900 


<40 

<40 

<40 

<40 
40-59 
40-59 
40-59 
40-59 
60-79 


<C 
<C 

<c 
<c 
<c 
<c 
<c 
<c 
<c 

CtoB 


50-59 

60-69 

70-79 

80+ 

50-59 

60-69 

70-79 

80-f 

60-69 


60-79 

B+ 

50-59 

60-79 

B+ 

60-69 

60-79 

B+ 

70-79 

80-99 

B+ 

50-59 

80-99 

B+ 

60-69 

80-99 

B+ 

70-79 

80-99 

B+ 

80+ 

100-119 

B+ 

50-59 

100-119 

B+ 

60-69 

100-119 

B+ 

70-79 

100-119 

B+ 

80+ 

120+ 

B+ 

60-69 

120+ 

B+ 

70-79 

120+ 

B+ 

80+ 

Regenerate,  clean, 
periodically  thin,  and 
harvest 


None 


Improvement  cut, 
periodically  thin, 
and  harvest 


(— ) 

(— ) 

(— ) 

$29.30 

4.70 

37.50 

35.00 

74.40 

35.80 


(— ) 

$  58.50 

91.90 

198.40 

20.50 

76.80 

133.10 

195.80 

26.40 


(— ) 

8.60 

(— ) 

19.00 

14.70 

91.90 

(— ) 

(— ) 

(— ) 

(  — ) 

12.00 

89.30 

12.70 

176.30 

(— ) 

10.20 

(— ) 

(— ) 

(— ) 

37.70 

(— ) 

118.10 

( — ) 
(— ) 

( — ) 
25.90 

(— ) 

14.10 

ues  and  treatment  costs  (1)  remaining  con- 
stant over  time,  and  (2)  increasing  at  a  com- 
pound rate  of  2  percent.  A  perfectly  elastic  de- 
mand for  the  products  of  each  strategy  was 
also  assumed.  In  other  words,  all  yields  were 
presumed  saleable  at  given  prices.  The  result- 
ing present  net  worth  values  provided  a  basis 
for  gaging  the  economic  potential  of  each 
strategy  under  the  two  value-cost  assumptions 
(tables). 


Two  Alternative  Programs 
for  Intensive  Management 
Were    Defined 

All  management  strategies  yielding  a  posi- 
tive present  net  worth  (at  a  5-percent  dis- 
count rate)  were  considered  worthy  compo- 
nents of  a  program  of  intensive  timber  man- 
agement. Since  two  assumptions  about  pro- 
jected changes  in  timber  value  and  treatment 
costs  were  considered,  two  alternative  pro- 
grams for  intensive  management  were  defined: 


Timber  values 

and  Area  receivinti 

Program  treatment  costs  intensive  management 

A  Remain  386,700  acres  in  9  management  op|)ort  unity 

constant  classes  (No.  4-9,  25,  28,  and  29) 

B  Increase  @  860,700  acres  in  18  management  opportun- 

compoundrate  itv  classes   (No.  2-9,  23-25,  28-30,  32,  33, 

of  2  percent  35,  and  36) 


The    Potential 

of   Each    Program 

Was  Assessed 

The  expected  yields  and  yield  values  pro- 
duced over  the  next  50  years  by  programs  A 
and  B  were  summarized  by  decade  (tables  4 
and  5).  Results  of  a  continuation  of  current 
management  practices  on  all  oak-hickory  for- 
ests in  the  Hill  Country  were  also  estimated 
for  the  same  time  period  (table  6).  Yields  and 
yield  values  produced  by  each  program  were 
compared  with  those  resulting  from  a  contin- 
uation of  current  management  practices.  This 


comparison  provided  the  measure  of  program 
potential. 

RESULTS 

Two  programs  of  intensive  timber  manage- 
ment were  defined  for  oak-hickory  forests  in 
the  Hill  Country  of  Ohio.  Each  reflects  differ- 
ent assumptions  about  projected  changes  in 
the  relative  value  of  timber  and  treatment 
costs.  Program  A  is  based  on  the  assumption 
that  timber  values  and  treatment  costs  will 
not  change.  Program  B  is  based  on  the  as- 
sumption that  values  and  costs  will  increase  at 


Table  4. — Projected  results  of  implementing  program  A  in  oak-hickory  for- 
ests of  the  Ohio  Hill  Country,  by  decade  to  2020" 


Decade 

Inventory, 

beginning  of 

decade 

Removals 
during 
decade 

Value  of               Value  of 
Tcrl^nl'             removals 
ofdec3^        during  decade" 

1970-1979 

Thousand  cords 
31,203                 7,810 

Thousand  dollars 
268,728                 68,757 

1980-1989 

34,588 

6,648 

295,169                 59,056 

1990-1999 

41,821 

7,144 

349,389                 63,538 

2000-2009 

48,205 

6,964 

412,530                 59,402 

2010-2019 

51,953 

10,643 

482,787               140,340 

2020 

51,861 

488,323                        — 

"386,700  acres  in  9  opportunity  classes  (No.  4-9,  25,  28,  and  29)  receive  in- 
tensive management.  Current  management  practices  continue  on  the  remain- 
ing forest  land. 

""Assvuning  no  change  in  the  relative  value  of  timber. 


Table  5. — Projected  results  of  implementing  program  B  in  oak-hickory  for- 
ests of  the  Ohio  Hill  Country,  by  decade  to  2020" 


Decade 

Inventory, 

beginning  of 

decade 

Removals 
during 
decade 

Value  of 
inventory, 
beginning 
of  decade** 

Value  of 

removals 

during  decade** 

1970-1979 

Thousand  cords 
31,203                 7,702 

Thousand  dollars 
268,728                 56,865 

1980-1989 

33,727 

6,419 

386,617 

64,367 

1990-1999 

41,824 

6,819 

597,239 

93,337 

2000-2009 

49,557 

9,689 

912,457 

193,022 

2010-2019 

50,775 

14,590 

1,255,102 

547,635 

2020 

46,236 

— 

1,371,368 

— 

"860,700  acres  in  18  opportunity  classes  (No.  2-9,  23-25,  28-30,  32,  33,  35,  and 
36)  receive  intensive  management.  Current  management  practices  continue 
on  the  remaining  forest  land. 

*■  Assuming  that  timber  values  increase  at  compound  rate  of  2  percent. 


Table  6. — Projected  results  of  continuation  of  current  management  practices 
in  oalc-hickory  forests  of  the  Ohio  hiill  Country,  by  decade  to  2020" 


Decade 

Inventory, 

beginning  of 

decade 

Removals 
during 
decade 

Value  of 
Inventory, 
beginning 
of  decade 

Value  of 

removals 

during  decade 

1970-1979 

Thousan 
31,203 

d  cords 
7,109 

Thousand  dollars 

268,728"                65,353" 
268,728"               71,568' 

1980-1989 

34,419 

7,109 

278,451 
339,425 

65,353 
87,252 

1990-1999 

40,863 

7,109 

316,700 
470,590 

65,353 
106,354 

2000-2009 

46,137 

7,109 

342,337 
620,100 

65,353 
129,629 

2010-2019 

53,796 

7,109 

356,417 
786,992 

65,353 
158,018 

2020 

54,209 

— 

365,199 
982,960 

— 

"No  acreage  receives  intensive  management;  current  management  practices 
continue  on  all  forest  land. 

"Assuming  no  change  in  the  relative  value  of  timber. 

"Assuming  that  timber  values  increase  at  compound  rate  of  2  percent. 


Table  7. — Potential  effect  of  programs  A  and  B  in  oak-hickory  forests  of  the  Ohio 

Hill  Country,  1970-2020' 


Program 


Area 
treated 


Treatment 
costs 


Increase  in  yield 


Increase  in  yield  value 


A 
B 


Thousand 
acres 

386.7 
860.7 


Million 
dollars 

10.7 
24.9 


Million 
cords 

1.3 

1.7 


Percent 

2.3 
2.9 


Million 
dollars 

187.5 
790.8 


Percent 

44.3 
62.4 


"Relative  timber  value  and  treatment  costs  remain  unchanged  in  program  A  and 
increase  at  a  compound  rate  of  2  percent  in  program  B. 


a  compound  rate  of  2  percent.  A  number  of 
potential  management  opportunities  were 
identified,  but  only  those  capable  of  yielding  a 
positive  present  net  worth  at  a  5-percent  dis- 
count rate  were  considered  worthy  of  program 
inclusion. 

The  potentials  of  programs  A  and  B  were 
evaluated  by  comparing  the  expected  yields 
and  yield  values  of  each  program  with  those 
resulting  from  a  continuation  of  current  man- 
agement practices. 

Program  A  would  apply  intensive  manage- 
ment practices  to  386,700  acres  of  oak-hickory 
forest  in  the  Ohio  Hill  Country  (table  7).  The 


cost  of  treating  these  acres  would  be  about 
$10.7  million.  Timber  yields  over  the  next  50 
years  would  be  increased  about  1.3  million 
cords;  a  net  gain  of  2.3  percent  over  the  yields 
expected  from  a  continuation  of  current  man- 
agement practices.  The  net  gain  in  yield  value 
would  be  approximately  $187.5  million  or  44.3 
percent.  This,  of  course,  presumes  perfect 
markets  for  added  yields  at  given  timber  val- 
ues. 

For  program  B,  intensive  management  prac- 
tices would  be  carried  out  on  860,700  acres. 
Treatment  costs  would  be  $24.9  million.  Tim- 
ber yields  would  increase  1.7  million  cords;  a 


net  gain  of  2.9  percent.  And  the  net  gain  in 
yield  value  would  be  $790.8  million  or  62.4 
percent. 

Neither  program  A  or  B  would  produce 
large  increases  in  timber  yield.  But  the  ex- 
pected gains  in  yield  value  are  impressive. 
Gains  in  timber  yield  values  would  average 
$18  and  $32  per  management  dollar  spent  in 
programs  A  and  B,  respectively.  These  results 


demonstrate  the  extent  to  which  sound  silvi- 
culture could  improve  timber  quality  and 
yield  values  in  oak-hickory  forests. 
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EMPIRICAL  ME 
EVALUATION 


A  case  study  based  on  insect 
density  and  survival  data 


ABSTRACT 

The  authors  discuss  the  problem  of  selecting  estimators  of  density 
and  survival  by  making  use  of  data  on  a  forest-defoliating  larva,  the 
spruce  budworm.  Various  estimators  are  compared.  The  results  show 
that,  among  the  estimators  considered,  ratio-type  estimators  are  super- 
ior in  terms  of  bias  and  variance.  The  methods  used  in  making  com- 
parisons, particularly  simulation,  are  generally  applicable  to  situa- 
tions in  which  data  appropriate  for  making  estimates  are  on  hand. 


jP  he  efficiency  of  estimates  of  popu- 
lation parameters  is  affected  by  the 
choices  of  both  sampling  plan  and  estimators. 
When  a  population  parameter  to  be  estimated 
is  the  mean  of  some  variable,  there  is  generally 
a  best  estimator  for  a  given  well-defined  sam- 
pling method.  It  is  then  possible  to  compare 
different  sampling  methods  in  terms  of  the 
precision  with  which  the  best  estimator  for 
each  sampling  method  estimates  the  popula- 
tion parameter  of  interest.  However,  when  the 
population  parameter  to  be  estimated  is  not  a 
weighted  sum,  over  the  population,  of  a  varia- 
ble, there  will  be  a  "be.st"  estimator  only 
under  very  restrictive  assumptions  about  the 
population— assumptions  that,  in  practice,  can- 
not be  readily  verified. 

In  this  paper,  we  are  concerned  with  the  es- 
timation of  density  and  survival  in  a  popula- 
tion of  forest-defoliating  larvae  under  simple 
sampling  methods.   Generally   "best"  estima- 


tors do  not  exist  for  these  parameters,  so  our 
investigations,  of  necessity,  are  pragmatic.  We 
have  used  actual  data  for  the  spruce  budworm 
(Choristoneura  occidentalis  Freeman). 

We  have  also  tried,  in  an  informal  way,  to 
see  why  the  better  estimators  performed  as 
they  did,  so  the  results  described  might  be 
generalized  to  some  extent.  And  we  hope  the 
reader  will  find  the  methods  we  have  used  for 
comparing  estimators,  using  a  particular  data 
base,  of  value.  Certainly  it  is  demonstrated 
that  the  choice  of  estimators  is  a  matter  of 
some  consequence.  The  best  estimators  of  sur- 
vival and  density  were  always  at  least  60  per- 
cent more  efficient  than  the  next  best  estima- 
tor for  the  data  and  sampling  designs  used  in 
this  study. 

The  selection  of  estimators  for  comparison 
would  seem  to  be  a  straightforward  problem. 
There  are  methods,  such  as  maximum  likeli- 
hood and  minimum  square  error,  which  gener- 


ally  produce  reasonably  good  estimators.  The 
rub  is  that  the  joint  distribution  of  the  ran- 
dom variables  involved  must  be  known,  if  not 
to  obtain  good  estimators  to  begin  with,  then 
to  determine  the  bias  and  variance  of  any  esti- 
mator. 


THE  PROBLEM 

Look  at  the  example.  A  number  of  trees  are 
randomly  selected  from  a  presumably  infinite 
population  of  trees.  From  each  tree,  on  each  of 
two  sampling  dates,  a  fixed  number  of 
branches  are  randomly  selected  from  the  pre- 
sumably infinite  number  of  branches  on  the 
tree.  Two  random  variables  are  measured:  the 
number  of  insects  on  the  branch  and  the 
branch  surface  area.  These  random  variables 
will  be  written 

Ytij  for  the  number  of  insects 
Xtii  for  the  branch  surface  area 
where  t  =  1,  2  denotes  the  first  or  second 
sampling  date;  i  =rr  1,  .  .  .,  n  denotes  the  i"' 
tree  in  the  sample  and  j  =  1,  .  .  .,  nt  denotes 
the  number  of  the  branch  removed  on  sam- 
pling date  t.  The  same  trees  are  sampled  at 
each  date. 

Our  object  is  to  estimate  survival  and  dens- 
ity. But  before  we  proceed,  we  must  be  specific 
in  our  definitions  of  these  parameters.  Clearly, 
the  way  in  which  the  parameters  are  defined 
will  affect  the  choice  of  estimators.  Morris 
(1955)  di.scussed  the  biological  interpretation 
of  certain  insect  population  parameters.  In  our 
paper,  we  choose  to  define  the  density  parame- 
ter at  sampling  period  t  by 

D,r=Y,  yxt. . 

Y  represents  insects;  and  X,  the  branch  sur- 
face area,  is  the  product  of  the  foliated  branch 
length  and  greatest  branch  width.  The  dots  de- 
note sums  over  branches  and  trees  in  the  pop- 
ulation. Survival  between  time  periods  1  and  2 
is  defined  in  terms  of  density,  using  the  equa- 
tion 

S  =  D,/D, 

At  this  point  we  inject  a  brief  digression  on 
the  notational  conventions  peculiar  to  this 
paper.  We  will  ignore  the  distinction  between 
the  true  and  measured  values  of  the  random 


variables  X  and  Y,  since  they  are  presumed  to 
be  measured  without  error.  A  dot  in  place  of  a 
subscript  denotes  summation  of  the  variable 
over  that  subscript.  The  standard  2>  operator 
will  be  used  for  more  complex  sums.  The 
ranges  of  summations  are  denoted  explicitly 
only  when  these  are  not  clear  from  the  con- 
text. That  is,  sums  used  in  defining  population 
parameters  are  taken  over  the  whole  popula- 
tion while  .sums  used  in  defining  estimates 
are  taken  over  a  sample  from  the  population. 
We  have  dispensed  with  formal  limiting  pro- 
cedures when  dealing  with  functions  of  sums 
over  infinite  populations  (e.g.,  D,).  Population 
parameters  are  represented  by  uppercase  let- 
ters (S,D),  while  the  corresponding  estimators 
use  lowercase  letters  (s,d).  We  differentiate 
between  different  estimators  of  the  same  popu- 
lation parameter  by  the  use  of  uppercase  sub- 
scripts (sm.Sis).  "t"  always  stands  for  sampling 
period.  It  is  inevitable,  since  we  will  be  dis- 
cussing several  estimators  of  the  same  param- 
eter, that  the  reader  will  have  trouble  keeping 
the  various  estimators  straight.  In  order  to 
rectify  this  problem,  all  estimators  are  assem- 
bled in  appendix  III  for  ready  reference.  We 
return  to  the  main  theme  of  this  paper  by 
considering  .some  implications  of  the  definitions 
of  population  density  and  survival. 

A  common  alternative  to  D,  as  a  definition 
of  the  population  density  is 


Dr 


(l/NJ  i  (Ytu/Xtu) 

i.j 


for  a  finite  population  with  Nt.  total  branches. 

Our  preference  for  D,  is  based  on  the  intui- 
tive feeling  that  insect  density  should  not 
change  if  the  number  of  insects  and  total 
branch  surface  area  is  the  same  at  both  sam- 
pling periods.  If,  in  such  a  situation,  the  insects 
migrate  to  branches  with  greater  surface  area, 
Df  decreases,  while  Dt  remains  constant. 
Since  Dr  can  be  affected  by  the  spacial  distri- 
bution of  the  insects,  we  elect  to  estimate  D,. 

The  survival  parameter,  S,  as  defined,  is  not 
the  number  of  survivors  divided  by  the  num- 
ber of  insects  initially  present,  although  it 
does  reduce  to  this  if  branch  surface  area  is 
unchanged  between  sampling  dates.  Rather,  S 
might  be  termed  "survival  relative  to  branch 


surface  area."  The  remainder  of  the  paper  is 
devoted  to  the  estimation  of  S  and  Dt,  to  the 
exclusion  of  other  population  parameters. 


TRIAL  COMPARISON 
OF  SOME  ESTIMATORS 

One  method  of  comparing  estimators  is  sim- 
ply to  use  each  one  on  an  appropriate  set  of 
data  and  observe  the  results.  We  have  two  ex- 
amples of  this  in  table  1.  These  examples  are 
based  on  part  of  the  data  on  spruce  budworm 
collected  in  Montana  in  1965  by  the  Insecti- 
cide Evaluation  Project  of  the  Pacific  South- 
west Forest  and  Range  Experiment  Station, 
USDA  Forest  Service  (Williams  and  Walton 
1968).  The  data  are  from  two  crown  levels  of 
32  trees.  Two  branches  were  taken  from  each 
level  at  the  two  sampling  dates. 

The  estimates  in  table  1  were  computed  as 
follows.  The  mean  density  was  calculated, 
using 

dMt  =  l/(nnt)  5   (Yuj/Xuj) 

and  the  mean  survival,  using 

s„  =  1/nS  (  (Y,,  /  X,,)  /  (Yi,  /  Xu.)  ). 

i 

The  ratio  estimates  of  survival  and  density 
were  got  by 


dnt  =  Yt.  .  /  Xt.  .  and 

Su  =  2(Yo,Xi,)/v(Yi,X2i.). 
i  i 

Properties  of  the  estimator  Sr  are  discussed  in 
appendix  I. 

Density  estimates  were  obtained  from 
transformations  of  the  form  log  (Ytij  /  Xtij 
+  k).  One  estimate,  dLt,  is  the  antilog  of  the 
sample  mean  of  the  transformed  variables. 
The  other  estimate,  djt,  is  based  on  a  method 
attributable  to  Finney  {1941).  This  method 
gives  unbiased  estimates  of  the  untransformed 
population  mean  if  the  transformed  data  are 
independent  and  normally  distributed.  Sur- 
vival estimates  based  on  the  transformation 

log[(Yo,Xi,)/(YiiXo,)+k] 

were   also  obtained  using  antilogs    (sl)    and 
Finney's  method  (sf). 

The  estimates  in  table  1  show  a  tendency  to 
decrease,  from  left  to  right,  in  each  row.  The 
only  exception  is  in  the  results  for  the  lower 
crown,  where  Sm  and  Sr  are  in  reverse  order. 
The  ordering  implies  that  the  estimates  have 
different  expectations  or,  in  other  words,  that 
they  are  unbiased  estimates  of  different  popu- 
lation parameters.  It  is  also  evident  that  the 
constant,  k,  in  the  log-transformation  has  a 
pronounced  effect  on  the  estimates,  especially 
at  low  densities.  Since  the  population  parame- 


Table   I. — Estimates  of  density^  and  survival,  and  standard  errors- 
for  different  estimators  on  the  same  data 


Mean 

Ratio 

Logarithmic 

transformation 

Item 

K  = 
F 

1.0 
L 

K  = 

.01 

F 

L 

LOWER 

CROWN 

Density  (1st  date) 

2.555 

2.541 

1.988 

1.926 

1.281 

1.049 

±.327 

+  .339 

+  .308 

+  .298 

+  .364 

±.298 

Density  (2nd  date) 

.311 

.267 

.215 

.205 

.029 

.022 

±.121 

+  .089 

+  .078 

+  .074 

±.012 

±.009 

Percent  survival 

10.618 

12.538 

2.330 

1.840 

.260 

.108 

±3.508 

±4.056 
UPPER 

±.862 
CROWN 

±.681 

±.105 

±.044 

Density  (1st  date) 

5.434 

4.994 

4.191 

4.060 

3.730 

3.494 

+  .784 

+  .718 

+  .587 

+  .569 

±.658 

±.616 

Density  (2nd  date) 

.674 

.579 

.430 

.411 

.076 

.056 

H-.203 

+.169 

+  .118 

+  .113 

±.027 

+  .020 

Percent  survival 

19.526 

12.891 

4.554 

3.652 

1.217 

.498 

±7.515 

±4.291 

±1.501 

±1.204 

±.475 

±.194 

^Density  is  expressed  in  insects  per  100  square  inches  of  branch  surface  area. 
"The  standard  error  of  estimate  is  shown  below  the  estimate. 


ters  are  unknown,  it  is  impossible  to  draw  any 
conclusion  about  the  degree  of  bias  of  any  of 
the  estimators. 

The  standard  errors  for  the  mean  and  ratio 
estimates  in  table  1  were  estimated  by  conven- 
tional formulas,  and  those  for  the  ratio  esti- 
mates by  using  the  combined  ratio  formulae 
{Cochran  1953,  section  6.11)  treating  each 
tree  as  a  strata  with  the  same  (large)  number 
of  branches.  The  errors  for  the  log-transforma- 
tion estimates  were  estimated  on  the  assump- 
tion that  the  transformed  data  are  normally 
distributed,  as  indicated  by  Finney.  The  re- 
sulting estimates  are  not  valid  unless  the  nor- 
mality assumption  is  true.  The  data  were 
roughly  "normal"  for  k  =  1.0.  but  very  skew 
for  k  =  .01.  Comparison  of  the  coefficients  of 
variation  of  the  estimates  gives  no  evidence 
that  any  particular  estimator  is  superior  by 
this  criterion.  However,  because  of  the  noto- 
riously high  variability  of  error  estimates  and 
the  small  number  of  data  sets  considered,  no 
firm  conclusion  can  be  drawn  from  this  com- 
parison. 


THEORETICAL 

PROPERTIES 

OF  ESTIMATORS 

A  more  orderly  procedure  is  to  consider  the 
conditions  under  which  an  estimator  is  opti- 
mal in  some  sense  and  to  discard  those  estima- 
tors for  which  the  optimum  conditions  are  ob- 
viously not  met  by  the  data.  For  instance,  the 
.sample  mean  is  an  unbiased  estimate  of  the 
population  mean  under  random  sampling.  Now, 
the  population  means  of  Y,ij/X,ii  and  (Y^i  / 
X-i  )  /  (Yn/Xn)  are  not  population  density 
(D,)  and  survival  (S).  Therefore,  dMt  and  Sm 
are  biased  estimators  of  Dt  and  S.  A  sample 
mean  is  a  minimum  variance  estimator  of  the 
population  mean  if  the  sample  mean  and  its 
variance  are  independent.  This  condition  was 
not  met  by  the  data  in  table  1,  so  d.Mt  and  Sm 
are  probably  not  minimum  variance  estimators. 

From  scatter  diagrams,  based  on  trees,  the 
variances  of  both  Y,ij/X,ij  and  (Y^i/X^i )  / 
(Y,i/Xii)  appeared  to  be  roughly  propor- 
tional to  the  square  of  their  means.  In  this 
case,  a  transformation  of  the  form 


log  (Z  +  k) 

tends  to  induce  independence  between  mean 
and  variance  on  the  transformed  scale,  k  is 
needed  to  ensure  the  existence  of  the  trans- 
form when  Z  =  0,  and  affects  the  resulting 
distribution.  Anscombe  [1949]  discusses  selec- 
tion of  values  for  k.  If  the  transformation  does 
result  in  independence  of  mean  and  variance 
on  the  transformed  scale,  the  mean  on  the 
transformed  scale  would  be  the  minimum-vari- 
ance linear  estimator  of  the  population  mean 
of  the  transformed  variables.  One  would  ex- 
pect estimates  on  the  untransformed  scale 
wh^ch  were  based  on  the  mean  of  the  trans- 
formed data  to  be  low  variance  estimators. 
The  antilog  of  the  mean  of  the  log-trans- 
formed data  estimates  the  geometric  mean  of 
(Z+k).  The  estimates  dLt  and  Si.  were  com- 
puted by  subtracting  k  from  the  antilogs  of 
the  transformed  means.  Thus  di,,  and  Si 
should  have  reasonably  small  standard  errors, 
but  there  is  no  reason  why  they  should  be  un- 
biased estimates  of  D,  and  S. 

Transformations  that  induce  independence 
between  mean  and  variance  often  tend  to 
make  the  data  more  normally  distributed.  If 
the  log-transformed  data  are  in  fact  normal, 
Finney's  method  gives  unbiased  estimates  of 
the  population  mean  of  the  untransformed 
data.  In  this  case,  di ,  and  Si-  have  the  same 
expectation  as  dMt  and  Sm,  so  they  are  biased 
estimators  of  D,  and  S.  The  estimates  dr, 
and  Si  should  have  smaller  variances  than 
dxH  and  Sm. 

Scatter  diagrams  may  not  unambiguously 
indicate  variance-mean  relationships.  For  the 
data  used  in  table  1.  we  could  easily  have 
argued  that  the  variance  of  the  mean  for  a 
tree  was  proportional  to  f-i  +  A-  ii'-,  where  ^ 
is  the  tree  mean  and  A  is  a  constant.  Beall 
{1942)  showed  that  this  relation  leads  to  the 
variance  stabilization  transformation  T(z)  = 
A  '  sinh  '  (A  \/~z)  in  the  same  way  that  the 
assumption  that  the  variance  is  proportional 
to  /x-  leads  to  the  log-transformation  we 
just  considered.  We  therefore  introduce  two 
new  estimators  of  D,  and  S,  written  d,i.. 
and  Sit,  based  on  the  inverse  of  the  transfor- 
mation T  applied  to  the  mean  of  the  T-trans- 
formed  data.  Neyman  and  Scott  (1960)  gave 
a  method  for  obtaining  unbiased  estimators  of 


the  mean  on  the  untransformed  scale  when 
the  transformed  data  are  normally  distrib- 
uted. This  method,  which  is  analogous  to  Fin- 
ney's method  for  the  log  transformation,  led 
us  to  consider  the  estimators,  d.\t  and  Sv,  of 
Df  and  S.  All  the  comments  we  have  made 
about  the  estimators  based  on  the  log  trans- 
formation are,  by  analogy,  appropriate  to  the 
corresponding  etsimators  based  on  the  T 
transformation. 

The  sample  ratio,  dnt  =  Y,  /Xt  ,  is  an 
unbiased  estimator  of  Dt  if 

Ytij  =  DtXtij  +  etij 

where  the  e,ij  are  independent  errors  with 
zero  expectations  (Efctij)  =  0)  for  any  Xtij. 
We  assume  the  Xty  are  known  exactly  and 
that  E(etijjXtij)  =  0  within  the  sample,  diu 
is  an  unbiased  estimate  of  Dt  under  weaker 
conditions,  as  shown  in  appendix  I.  Further, 
di;t  is  a  minimum  variance  estimator  if 
E(etij)  —  hXtij  for  all  Xtij  and  some  constant, 
h.  The  conditions  for  unbiasedness  and  mini- 
mum variance  for  ratio  estimators  are  given 
in  several  texts,  including  Sukhatme  {1954, 
p.  154)  and  Cochran  (1953,  p.  123).  These 
conditions  appeared  to  be  satisfied  by  the  test 
data. 

In  table  1,  Sk  =  (liY^Xn)  /  (iYi,X„  ) 
was  used  to  estimate  survival.  It  should  be 
noted  that  this  is  not  the  estimator  (Yi.  Xi  , )  / 
(Yi.  Xv  ).  In  appendix  I,  conditions  under 
which  Si;  is  an  unbiased  estimate  of  the  popu- 
lation survival,  S,  are  shown.  Roughly,  the  as- 
sumptions include: 

•  The  conditions  for  dnt  to  be  an  unbiased 
estimator  hold  for  both  sampling  periods  1 
and  2. 

•  The  X,i  are  independent  random  variables 
within  any  sampling  period.  (Note  that  for 
unbiased  estimates  of  density,  only  the 
error  terms  were  required  to  be  independent. 
It  need  not  even  be  assumed  that  branch 
surface  area  is  a  random  variable.) 

•  Various  assumptions  about  the  independ- 
ence of  the  random  variables. 

The  mathematical  conditions  for  Sk  to  be 
minimum  variance  can  be  established.  How- 
ever,  unlike   the  conditions   for  unbiasedness 


given  above,  they  are  too  complex  to  be  sub- 
ject to  biological  interpretation. 

Tin  (1965)  gave  an  adjustment  to  ratio  es- 
timators that  reduces  bias  when  the  condi- 
tions for  unbiasedness  do  not  hold.  The  ad- 
justment applied  to  the  density  estimator 
may,  for  infinite  populations,  be  written 

X,     L      n-l\(2X,„)--^        CiX,,)  (2Yt:,)J  J 

The  price  paid  for  the  reduction  in  bias  is  a 
higher  variance,  although  generally  not  much 
higher  than  for  du,.  d.vt  was  not  included  in 
table  1 ,  but  will  be  considered  later. 

Using  a  modification  of  Tin's  approach,  we 
obtained  correction  term  for  the  "within— tree" 
bias  for  the  estimator,  Sn.  For  the  i"'  tree,  the 
resulting  correction  factor  is 


C, 


n.-l      (X,,  )■■ 


If  the  variance  of  the  correction  term  is  inde- 
pendent of  the  random  variables  on  the  right 
side  of  the  equation,  the  "corrected"  estimate 
of  S  would  best  be  got  by  Su(C./N).  This 
condition  was  well  satisfied  by  our  test  data. 
In  considering  which  of  the  estimators  just 
discussed  should  be  used,  the  ratio  estimators 
appear  to  have  the  edge.  Under  certain  condi- 
tions, the  other  estimators  give  unbiased  esti- 
mates of  population  parameters  other  than 
density  and  survival  as  we  have  defined  them. 
The  ratio  estimators  are  unbiased  estimators 
of  density  and  survival  under  ideal  conditions. 
These  conditions  are  fairly  restrictive,  so  bias 
correction  might  be  needed. 


INVESTIGATIONS 
BASED  ON  SIMULATION 

In  practice,  one  would  not  expect  specific 
optimality  conditions  required  for  an  estima- 
tor to  hold  precisely.  Therefore,  we  have  used 
Monte  Carlo  simulation  in  order  to  study  the 
behavior  of  the  estimators  over  a  range  of  con- 


ditions  likely  to  be  encountered  in  applica- 
tions. To  construct  a  simulator  that  generates 
realistic  data,  we  considered  diverse  sets  of 
budworm  data  and  established  characteristics 
which  these  sets  had  in  common. 

We  concluded,  in  agreement  with  Morris 
(1955),  that  the  number  of  insects  on  a 
branch  closely  follows  the  negative  binomial 
frequency  distribution,  regardless  of  the  in- 
tensity of  the  populations  we  observed.  Fur- 
ther, by  plotting,  we  found  that 

Ytij  —  DfXtij 


V  Xtu 

was  distributed  roughly  normally  for  these 
populations.  These  conditions  were  used  to  de- 
fine the  joint  distribution  of  insects  and 
branch  surface  area,  given  the  means,  vari- 
ances, and  covariance  of  these  variables  at  one 
sampling  date  (appendix  II). 


A  computer  program  was  written  that  gen- 
erated simulated  insect  counts  and  branch 
surface  areas.  The  computer  was  supplied  the 
means,  variances,  and  covariance  of  X  and  Y 
at  each  sampling  date.  To  study  the  properties 
of  the  estimators  on  an  individual  tree  basis, 
the  same  characteristics  were  used  for  500  in- 
dependent tree  samplings  with  4  branches 
sampled  at  the  first  period,  8  at  the  second. 

The  results  of  these  simulations  for  the 
ratio  estimators  are  given  in  table  2.  From  this 
table  we  concluded  that  the  ratio  is  service- 
able as  an  estimator  of  population  density.  For 
survival  estimates,  the  bias-corrected  ratio  es- 
timator, Sa,  should  be  used. 

The  mean  and  uncorrected  transform  based 
estimates  were  all  high.  Both  bias  and  vari- 
ance were  reduced  by  corrections  to  these  esti- 
mates, but  the  corrections  were  too  great  for 
low  density  or  low  survival  rates,  and  too 
small  for  high  density  or  survival.  The  square 


Table  2. — The  tree  mean,  standard  error,  and  bias  of  the  ratio 
estimators,  estimated  by  simulation 


Standard 

error  of 

True 

Average 

tree 

Estimate 

t-test  for 

Case' 

parameter 

estimate 

e.stimate 

of  bias 

bias  =  0 

DENSITY  IN  INSECTS  PER  1 .000  SQUARE  INCHES  OF  FOLIAGE 

1 

44.064 

-46.288 

16.422 

2.224 

3.03 

44.762 

14.450 

.698 

1.08 

2 

33.256 

33.405 

12.661 

.149 

.26 

32.633 

11.905 

—.623 

—1.17 

3 

28.091 

28.932 

26.593 

.840 

.72 

24.627 

27.521 

—3.464 

—2.82 

4 

22.485 

24.543 

23.850 

2.058 

1.93 

18.049 

41.808 

—4.436 

—2.37 

5 

11.877 

12.005 

8.074 

.127 

.35 

11.634 

7.513 

—.243 

—.72 

6 

5.706 

5.635 

3.632 

—.071 

—.44 

5.537 

3.494 

—.170 

—1.09 

7 

2.480 

2.476 

2.114 

—.403 

—.04 

2.433 

2.036 

—.047 

—.52 

8 

1.363 

1.342 

1.458 

—.021 

—.32 

1.319 

1.409 

—.044 

—.69 

PERCENT  SURVIVAL 

1-8 

3.093 

3.254 

3.833 

0.161 

0.04 

2.915 

3.466 

—.178 

—1.15 

2-7 

7.458 

8.653 

8.671 

1.195 

3.08 

7.319 

7.011 

—.139 

—.44 

3-6 

20.314 

45.170 

77.837 

24.856 

7.15 

17.420 

24.068 

—2.894 

—2.69 

4-5 

52.822 

116.787 

210.391 

63.965 

6.80 

49.715 

82.832 

—3.107 

—.84 

'Cases  1  to  4  are  based  on  4  branch  samples  per  tree,  cases  5  to  8  on  8 
branch  samples.  500  trees  were  sampled  for  each  case. 

"For  each  case,  the  first  row  is  not  corrected  for  bias,  while  the  second 
row  is. 


of  the  coefficient  of  variation  of  all  but  the 
mean  estimators  is  roughly  in  inverse  propor- 
tion to  the  sample  size.  Thus  a  measure  of 
efficiency,  which  approximates  the  ratio  of 
sample  sizes  required  for  equal  coefficients  of 
variation,  is  the  square  of  the  ratio  of  coeffi- 
cients of  variation.  With  this  measure  of 
efficiency,  one  of  the  ratio  estimates  is  always 
at  least  60  percent  more  e^cient  than  any 
transform  based  estimator  of  the  same  para- 
meter. We  have  given  detailed  results  only  on 
the  ratio  estimators  and  their  vaiances,  since 
none  of  the  other  estimators  are  serious  com- 
petitors. 

However,  data  are  generally  transformed  to 
induce  independence  of  mean  and  variance 
and,  one  hopes,  to  make  the  data  more  nor- 
mally distributed,  in  order  to  satisfy  assump- 
tions required  in  analysis  of  variance.  Two 
rough  measures  of  normality  are  skew  (yi') 
and  kurtosis  (y-).  Both  are  zero  for  normal 
distributions.  They  are  defined,  for  a  random 
variable  Z,  by 

y,  =  E(Z-E(Z)  )V[E(Z-E(Z))=]  V'and 

yo  =  E(Z-E(Z)  )V  [E(Z-E(Z)  )"]-3. 

Table  3  gives  estimates  of  the  skew  and  kurto- 
sis of  the  means  of  the  transformed  data  on 
each  tree. 

The  skew  and  kurtosis  are  of  an  order  such 
that  the  transformed  variables  would  ordinar- 
ily be  considered  normally  distributed  in  prac- 
tice. Scheffe  (1959,  p.  333)  gives  values  of  yi 
and  yj  typically  occurring  in  applications. 
From  table  3,  there  is  no  clear  difference  be- 
tween   the    log    and    Beall's    transformation. 


Beall's  transformation  appears  to  give  the  bet- 
ter results,  but  this  might  be  because  the  con- 
stant A  in  the  transformation  was  determined 
exactly  from  the  parameters  of  the  simulator. 
We  did  not  check  the  sensitivity  of  the  trans- 
formation to  the  choice  of  A.  The  constant  K 
in  the  log  transformation  was  estimated  from 
all  500  trees  for  each  case,  and  so  is  much 
more  adequately  estimated  than  it  would  ordi- 
narily be.  Where  1  was  added  before  taking 
logs,  the  results  are  still  quite  good,  indicating 
the  choice  of  a  constant  for  the  log  transfor- 
mation is  not  critical  if  reasonable  care  is 
taken  to  ensure  normality. 

It  should  be  noted  that  the  simulator  was 
not  constructed  so  that  any  of  the  above 
transformations  would  induce  normality. 
However,  these  transformations  have  been 
known  to  do  so  with  similar  insect  data  (Mor- 
ris 1955).  The  fact  that  the  simulator  repro- 
duced this  distribution  property  would  cer- 
tainly support  the  realism  of  the  assumptions 
that  were  used  in  constructing  the  simulator. 

In  any  interpretation  of  the  simulation  re- 
sults, one  should  recognize  that  all  of  the  500 
trees  sampled  in  a  simulation  case  had  identi- 
cally distributed  insects  and  branch  surface 
areas.  Equivalently,  each  simulation  case  rep- 
resents 500  independent  samplings  of  the 
same  tree.  The  results  of  the  simulation  indi- 
cate that  the  ratio  estimators  were  very  satis- 
factory when  individual  trees  were  treated  as 
the  population  sampled.  We  cannot,  however, 
on  the  basis  of  the  simulation  alone,  extend 
the  results  of  the  simulation  to  groups  of  trees 
where  the  distribution  of  insects  and  trees  are 


Table  3. — Estimates  of  skew  and  kurtosis  of  simulated  data  after  transformation 


Skewness 

Kurtosis 

Case' 

log(Y/X+l) 

log(Y/X+K)-^ 

Beall 

log(Y/X+l) 

log(Y/X-hK)^ 

Beall 

1 

0.138 

0.569 

0.438 

0.941 

1.423 

1.310 

2 

—.636 

.037 

—.327 

.946 

.574 

.783 

3 

.088 

.020 

—.073 

—.317 

—.314 

—.336 

4 

.067 

.066 

—.175 

—.175 

—.176 

—.210 

5 

.286 

.279 

.169 

.258 

.249 

.130 

6 

.510 

.555 

.436 

.583 

.724 

.380 

7 

.667 

.650 

.595 

.342 

.290 

.149 

8 

.755 

.700 

.667 

.111 

.002 

—.490 

'For  each  case,  the  same  data  are  used  as  for  the  corresponding  case  in  Table  2. 
'K  was  estimated  from  the  simulated  data. 


not  identical,  since  the  behavior  of  the  various 
estimators  will  be  affected  by  the  differences 
between  trees. 


SUMMARY 
AND  CONCLUSIONS 

Our  objective  was  to  find  estimators  of 
well-defined  population  parameters  for  use  on 
specific  data.  The  behaviors  of  selected  esti- 
mators were  compared  in  three  steps. 

First,  estimates  were  computed  on  sample 
data.  From  this  step  we  concluded  that  there 
were  important  differences  between  estima- 
tors, but  we  were  unable  to  decide  which  esti- 
mators were  better  in  any  sense. 

In  the  second  step,  we  checked  to  see  what 
optimality  criteria  might  be  roughly  satisfied 
by  the  data.  The  results  concerning  variance 
stabilizing  transformations  were  inconclusive. 
However,  the  data  did  conform  reasonably 
well  to  the  conditions  for  unbiasedness  and 
minimum  variance  for  the  ratio  estimators. 

In  the  third  step,  simulation  was  used  to 
appraise  the  influence  of  departures  from  ideal 
conditions  on  the  ratio  estimators.  Bias,  which 
was  our  major  concern,  is  generally  most  ap- 
parent in  small  samples  for  ratio  estimators. 
We  therefore  sampled  a  single  tree  many 
times,  using  the  simulator.  The  distributional 
characteristics  of  the  simulated  data  were 
based  on  the  corresponding  characteristics  of 
actual  data.  In  addition  to  information  on  the 
behavior  of  the  ratio  estimators  under  diverse 
conditions,  the  simulator  gave  us  insight  on 
the    effectiveness    of    variance     stabilization 


transformations  in  "normalizing"  the  data, 
and  the  sensitivity  of  these  transformations  to 
the  choice  of  constants. 

Variations  on  the  steps  given  in  the  preced- 
ing paragraphs  would  be  applicable  to  the 
problem  of  selecting  an  estimator  of  any  popu- 
lation parameter  from  an  adequate  data  base. 
For  the  specific  problem  we  considered,  that  of 
estimating  insect  density  (D,)  and  survival 
(S),  we  came  to  the  following  conclusions. 

The  ratio  estimators  (diu,  d.u,  Su  and  Sa) 
were  superior  to  the  other  estimators  consid- 
ered in  terms  of  bias,  as  established  by  indi- 
vidual tree  simulation.  In  these  simulations, 
the  ratio  estimators  were  always  at  least  60 
percent  more  efficient  than  the  other  estima- 
tors. For  estimating  survival,  there  is  a  slight 
advantage  in  using  the  bias-adjusted  estima- 
tor, Sa.  For  estimating  density,  the  unad- 
justed ratio  estimator,  du,,  seems  adequate. 
These  results  from  simulation,  plus  the  corre- 
spondence of  observed  data  to  the  conditions 
required  for  optimality  of  the  ratio  estimators, 
leads  us  to  conclude  that  dn,  and  Su  should 
be  used  to  estimate  D,  and  S. 

Estimates  of  skew  and  kurtosis  of  the  ratio 
estimators  based  on  simulation  indicate  these 
estimators  are  far  from  normally  distributed 
on  an  individual  tree  basis.  Therefore,  for  hy- 
pothesis testing  within  an  analysis  of  variance 
framework,  we  recommend  using  either  log  or 
sinh  '  transformations  to  "normalize"  the 
data.  The  skew  and  kurtosis  of  either  transfor- 
mation was  fairly  insensitive  to  small  changes 
in  the  constants  involved  in  the  transforma- 
tions. Moderate  care  in  setting  these  constants 
should  suffice  in  practice. 
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APPENDIX  I 


Conditions  for   Unbiasedness 
of  the  Double   Ratio   Estimator 

The  object  of  this  appendix  is  to  present  a  set  of  conditions  under 
which  the  estimator  sk  yields  unbiased  estimates  of  S.  The  conditions 
imposed  cannot  be  expected  to  hold  exactly  in  practice.  The  utility 
of  this  demonstration  will  be  as  a  guide  to  conditions  that  must  be 
approximately  satisfied  if  su  is  to  be  trusted  as  an  estimate  of  S.  And 
Sr  may  be  unbiased  under  other,  and  perhaps  less  stringent,  conditions. 

The  conditions  are  labeled  with  roman  numerals  for  easy  reference. 
The  conditions  are  stated  as  they  are  used  in  the  demonstration  partly 
because  this  makes  it  easier  to  see  how  the  demonstration  turns  on 
the  assumptions,  partly  because  the  conditions  are  more  comprehen- 
sible at  that  point  in  the  development,  and  partly  to  emphasize  that 
the  conditions  are  imposed  in  order  to  procede  with  the  demonstration. 

To  begin,  we  write  the  number  of  insects  on  the  j'"  branch  of  the 
i"'  tree  at  time  tas 

Y,,,=D,Xn,.e,,i 

If  the  sampling  of  the  branches  on  the  i'"  tree  at  time  t  is  such  that 
E(etij )  =0  then,  summing  over  the  branch  samples,  we  have 

Y.i  =D,X>,  +e,,  andE(eM  )  =0. 

If  the  N  trees  are  sampled  independently,  the  Ct,  will  be  independent 
between  trees  for  fixed  t.  With  this  motivation  we  state  the  following 
conditions,  which  are  sufficient  for  dm  to  be  an  unbiased  estimator  oi 
Dt.  namely: 

(1)  Yti  =DrXn +en  ,E(eti  )  =0  and  e.,  is  independent  of  en  for 
i^j. 

The  estimator  sn  has  been  defined  as 

(2)  SR=(i:Y..  Xn  )/i(YHX.,  )=:;Yt/:iX! 
where 

(3)  Y:=Y.,Xn.andX:=Y,f.X., 

Define  the  population  parameter  S*  by 

(4)  S*=  (i;Y.iX,,.)  /  (i;YnX..,  ) 

and  e*i  by  the  relation 

(5)  Y;=S'X'+e' 

We  will  first  establish  conditions  under  which  E  ( e'  )  =0  and  the 
e*  are  independent,  which  is  tantamount  to  showing  sn  is  an  unbiased 
estimate  of  S*.  Then  we  will  establish  conditions  under  which  S"  =  S, 

where 

(6)  S^CiY.,  )(2;Xn  )/(2Yu  )(i;X...,  )=D./D, 
Using  (I),  (2),  (3),  (4)  and  (5)  we  may  write 

e'=Y:-S'x:=Y.,.Xn  -(D./D,)  Yu.X.i. 
=  (D=X=,.+e...)X,.-(D./D, )  (D,Xi,  +e,i  )X., 
=e...XiL-(D=/Di)en.X.M  or 

(7)  e1=(Die.,Xu  -D.-e.,  X.i  )  /  D. 


From  (7), 

(8)    E(e:)  =  (D.E(e.i  X..  ) -D.E(e,.  X...)  )  /D. 

We  impose  the  condition  that  the  "tree  error"  at  one  sampUng  date  is 
not  correlated  with  the  total  branch  surface  area  from  the  same  tree 
at  the  other  sampling  date.  Formally, 

(IX)  E(e,.Xs,  j=E(e,i  )  E(Xs,,)  fort^^s. 

Then  since  E  ( e. ,  )  =0  from  ( I ) ,  E  ( e* )  =0,  which  is  what  we  set  out 
to  show. 


We  will  now  establish  additional  conditions  so  E(e1  e*  )  =  E(e') 
E(ei)  fori  i^  j.  From  (7), 

E(e',  e", )  =E      (D,X,i,e.,,-D.X..,  en.)  /D, 

(D,X,je.j  -D.X.J  e.,  ) /D. 

=E    p^X  ,e_,  Xue.j. 

-D.D.Xne.iX,  en 

-D,DX,  eu  X,,ej 

+Dix.,.eu  X.,  en.l/D' 

Now,  from  (8), 

E  ( e^ )  E  ( e*, )  =     D'.E  (Xi,  e..  )  E  ( X,i  e_.,  ) 

-D,D.E(X,i,e.i,)  E  (X.je.i  ) 

-D,D.E(X.ie,,  )  E  (X,,e.i.) 

+D-.E(X..e.,  )  E  (X.,e,j  )  /D? 

It  is  apparent  that  the  last  two  equations  are  equivalent  if 

(X)  E{X,,e.,  Xne.j  )=E(Xi,e.a  )E(X,je.,  ) 
E{Xue.,  X.)e,j  )=E(Xne-...  )E(X..je,)  ) 
E(X=,.e,,X.j,e.j,)=E(X.,  eu  )E(X,,e..,  ) 
E(X."i,en  X-.-,  e,)  )=E(X..,eu  )E(X.,  e,,  ) 

for  i  ^  j. 

In  words,  the  above  assumption  is  that  the  product  of  the  branch 
surface  area  for  a  tree  at  one  sampling  date  and  "tree  error"  at  the 
other  sampling  date  are  uncorrelated  between  different  trees,  and 
it  allowed  us  to  show  E  ( e*  ej )  =E  ( e* )  E  ( e' )  for  i  i^  j.  That  is,  e?  and 
e*  are  uncorrelated. 

Showing  two  variables  are  independent  is  sufficient  to  show  they 
are  uncorrelated.  Showing  two  variables  are  uncorrelated  is  not 
sufficient  to  prove  they  are  independent  although  it  certainly  makes 
independence  a  more  palatable  assumption.  For  sn  to  be  an  unbiased 
estimator  of  S',  we  need  independence,  and  therefore  must  make 
independence  an  assumption: 

(XI)  e*  and  e'  are  independent  for  i  ^  j. 

We  still  have  to  justify  our  claim  S  and  S*  are  the  same  population 
parameter,  where  S*  =  ( -  Y.i  Xn  )  /  (  -  Y.i  X.i  )  and  S  is  as  shown  in 

(6). 

Up  to  this  point  in  this  appendix  we  have  made  no  conditions 
on  the  number  of  trees  or  branches. 
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Let  there  be  a  finite  population  of,  say,  i  =  1,   M  trees  such  that 
Y,,  =D,X.i  +et,  Write 

Sm=    (^  Y.,  X,,.)  /  (2  Y,X=,  ) 
i=l  i=l 

D.s(X.i.  +  e.i./D.)/Xii. 
D,i;(X,,  +en  /D,)/X=, 

D_.  r(2X,,,X.,  )  +  (sXn,e.M/D.)^ 


r(sXiu.x. 

[(3X,,X. 


D,  [(3  X,,  X.I  )  +  (SX.i  e,,  /D,: 

_    D      r  (^e..X.i/D.)/M   -    (:::e,iX.i/DO/Ml 

(1^)   feM-     ^      1^1+     ,vx,,x.,)/M        +    (2X.,.en/D=)/Mj 


We  write  /um(Zi  )  for  -Zi/M,  since  this  is  the  mean  of  the  M-  popu- 
lation. We  assume  that  the  M-population  can  be  augmented  in- 
definitely so  that  in  the  limit  as  M  ^  ■»     ,  mm    (Ct,  )    =0  for  all 

X,u  as  implied  by  (I) ,  and  mm  (  Xh  e^j  )  =  mm(  Xti  )  MMle^i  )  for  i  :/; 
j  and  s  7^  t,  as  implied  by  (3).  Since  Xn   and  X.,  >  0,  we  have,  from 

(12), 

1™              Q'    _  c*          D        _  G 
-  ,  Om   —  &     —  -=- —  a. 

It  should  be  proven  that  such  a  limiting  process  exists  for  any 
infinite  population  meeting  conditions  [II,  [IX],  and  (XI).  The 
proof  is  beyond  the  scope  of  the  authors. 
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APPENDIX  II 


Discussion   of  the   Simulation   Model 

Used   in   Generating   Insect   Counts 

and   Branch   Surface  Areas 

We  start  with  the  assumption  that  the  insect  counts  ( Y )  follow 
the  negative  binomial  distribution,  and  that  the  population  means, 
variances,  and  covariance  for  the  branch  surface  area  ( X )  and  insect 
counts  are  known.  Because  the  mean  and  variance  of  a  negative 
binomial  variable  completely  determine  its  distribution,  the  Y,  are 
easily  generated  using  a  psuedo-random  number  generator  for  the 
rectangular  distribution. 

We  also  want  (  Yi  — dXi )  /ITi  to  be  roughly  normally  distrib- 
uted. Since  Y,  is  determined  by  its  mean  and  variance,  and  X. 
appears  twice,  it  is  inconvenient  to  have  the  statistic  exactly  nor- 
mally distributed.  However,  because  Y.  =  dXi,  we  chose  to  consider 
the  statistic  (Xi  —  CYi )  /  VY,  in  place  of  the  former.  This  statistic 
is  not  entirely  satisfactory  either,  because  P  1  Yi  =0]  ^0. 
Consequently,  we  add  the  R(0,1)  variable  r.  to  Y,.  But,  branch  sur- 
face area  may  never  be  negative  or  zero  so  a  constant  K  is  intro- 
duced to  reduce  P  [X,  <  0]  to  nearly  zero  for  all  Y. 

The  final  model  selected  is 

(1)  [  (Xi  -K)    -  C(Y,  +  r,)    ]    /    /77Y7+r7T=ei 

where  e.  — N(0,1) ,  ri  —  RiO,!  )  and  Y,  — N.B.(  a^i  Vv )  and  all  three 
variables  are  independently  distributed. 

Once  Ci.ri  and  Yi  are  generated  by  the  pseudo-random  number 
generator  it  can  be  seen  from  ( 1 )  that  X ,  is  determined  by  the 
equation 

(2)  X,  =  KH-C(Y,  +  r,)  +^e,(Y,  -(-r,)'/-'. 

We  must  now  demonstrate  that  the  constants  K,  it,  and  C  are  uni- 
quely determined  by  the  population  means  (  mv  and  M^ )  variances 
(  Vy  and  Vx )  and  covariance  Cov  (  X,Y ) . 

From  (2), 

(3)  A'.  =  E  { X, )  =  K  +  C  ( Mv  -f  1/2  )  and 

E(Xi)  =E  [K=-t-<rei  (Y-f  r,)  +  C^(Yi  +  2Y,r,  +  r:) 

-|-2KC(Y,  +  r,)  -t-<Te,(Y,  +r,)'A  (K  +  C(Yi  -f  r, )  1 
=  K=  +  <T=(^,  +  V2)  +  C^(Vy  -f-  i^v  +  /^.v  +  1/3) 
-f  2KC(/x, -f  1/2) 

so,  V(X)  =r  E(Xn  -E-'(X,) 

(4)  V(X)  =  a^  {ixy  +  V2)  +  C=(Vy  -f  1/12) 
For  Cov  ( X, Y )  we  compute,  using  ( 2 ) , 

E(X,,Y,)  =E     KY,  -fC(Yi+  Y.r.)  +<re,{Y,  +  r,)V^Y. 

=  Km>+C(V.  +  My  +  y"y/2), 

since  E  ( e  1 )  =0  independently  of  Y 1  and  r  1 . 
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But  then 

Cov(X,Y)  =E(X,Y,)  -E(X,)  E(Yi) 

=  Km.  +  C(V.  +  My  +  >"r/2) 

—  Kmj  —  Cifj-i  +  M5-/2) 

(5)   Cov(X,Y)  =CV. 

It  can  easily  be  seen  that  the  constants  C,  a  and  K  are  uniquely 
determined.  C  can  be  got  from  ( 5 ) .  Given  C,  <t  is  available  from 
(4) ,  and  then  K  can  be  found  using  ( 3 ) . 
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APPENDIX  III 


Summary   of   Estimators 

1 .  The  "mean"  estimators  were  defined  by 

du.  =  l/(nn,)  i;  (Y.,j/Xm,)  and 
sm  =  l/ni;[  (Y.,./X...)/(Yu/X.,,)] 

2.  The  simple  ratio  estimators  are 

dR.  =  Y,  yX.   and 


Sr     = 


s  (Y.,Xi,,) 


/ 


S    (Yn  X.,,)] 


3.  Adjusting  the  simple  ratio  estimate  for  bias  leads  to  the  adjusted 
ratio  estimates 


dAi  =  diu 


and  sa  =  sh 


SX^u 

n-1       /  (sX.,j)'' 


ni 


2YJu 


n.-l       1  (X.,.)' 


(2X.,j)'(2Y.u) 


SXiuYiu  / 
(XuYu  )\ 

SXlm)  Y21] 

rx.,.Y,..) 


The  equation  for  sa  is  appropriate  in  the  above  form  for  a  single  tree. 
See  the  discussion  for  clarification. 


4.  Earlier,  estimators  based  on  log-tranformations  were  introduced. 
Let 

MM,    =   log   [Y,,,/X,n  +K] 

Then, 

dr ,    =  exp  [  n,  /nn,l    —  K 

Also,  let 

V,    =  log    [(Y., /X...)/(Yi,,/Xi,  )  +k]  . 

Then, 

si.   =  exp    ^  v./nl     —  K 
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5.  We  presented  estimators  based  on  Finney's  method  of  correcting 
for  bias  in  estimators  of  the  niean  of  log-normal  populations. 

Let 

Ut    =  Ut  /nnt  and 

ao,   =   i2i(U.ii -U.)V    [(nn.-Dnn,]   . 

Define 

,,,_.,    n-1  (n-l)H^  <n— 1^:<^' , 

^^       ~      "^      n     ^2!n^(n+l)    "^   3!n-'(n+l)  (n+2)  ^  '  ' ' 

Then, 

dFt       =  exp   (Oe)    g(y2  crot)    —  K. 

Similarly,  let 

V  =  V./nand^v  =  2(V-V,)7   [n(n-l)]    . 

Then 

Sk  =  exp  (V)  g(,y2  ^0 

6.  Beall  1 1942 1  studied  a  transformation  which  we  adapted  for  esti- 
mation. 

Let 

Pt,)   =  \-'sinh^'    a(VYm)/X.,)) 

Then, 
di'..    =  \ 'sinh'CxP,  /nn.). 

Let 


q,    =  \-'sinh-'     \(^(Y.,,/X.,,)  (Yn,/X.> 

Then, 

sr   =  X"'sinh"(\q./n) 

7.  Neyman  and  Scott  (1960)  extended  Finney's  method  for  bias 
correction  to  other  transformations.  We  introduced  a  "bias  cor- 
rected" estimator  based  on  this  work  for  Beall's  transformation. 
Let 

Ft  =  Ft  /nnt  and  ^F■  =   — 

nnt  (nnt— 1) 

"'    ~      ^  Lcosh(2\P.)  gC2\^^f,)  -IJ, 

where  git)  is  given  in  part  5. 

2(q-q.)^ 


Also,  let  q  =  q./n,  a-'k  = 


n(n-l) 
Then 

SB=i      [cosh(2Xq)  g(2\=^^)  -1] 
zx  q 
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Factors  Affecting  the  Use 
of  Hardwood  Flooring 
in  Urban  Reiiabiitiation 


ABSTRACT 

The  continued  use  of  hardwood  flooring  in  urban  rehabilitation  is 
being  threatened.  A  study  of  the  influences  that  determine  the  choice 
of  flooring  indicates  that  economic,  physical,  or  technological  factors 
dominate.  Most  factors  affecting  the  use  of  hardwood  flooring  are 
related  to  cost,  availability,  and  compatibility.  Of  these  factors,  time 
and  cost  of  installation  are  considered  to  be  most  limiting.  Product 
modification,  changes  in  the  distribution  and  supply  system,  and  a 
well-rounded  marketing  and  merchandising  program  by  the  wood 
flooring  industry  are  recommended. 


BACKGROUND 

THE    URBAN    REHABILITATION 
FLOORING   MARKET 

In  the  past,  flooring  has  been  marketed  for 
new  residential  construction  more  than  for  the 
rehabilitation  of  urban  housing.'  Little  atten- 
tion and  few  flooring  products  were  directed 
toward  this  relatively  small  segment  of  the 
residential  construction  market. 

During  the  last  10  years,  many  steps  have 
been  taken  to  improve  the  quality  and  quan- 
tity of  urban  housing.  Housing  rehabilitation 
has  become  an  integral  part  of  the  urban  re- 
newal programs  of  all  major  cities,  and  be- 
cause of  this,  the  rehabihtation  flooring  mar- 
ket has  become  larger  and  more  complex. 

The  largest  and  most  competitive  urban  re- 
habilitation market  for  flooring  materials  is  in 
housing  for  low  and  moderate  income  families. 
Based  on  1968  estimates  of  hou.sing  construc- 
tion needs  (1),  I  determined  the  potential 
market  for  flooring  in  these  projects  to  be  as 
much  as  8  billion  square  feet  over  the  next  8 


'Urban  rehabilitation  is  the  renovation  of  exi.sting 
housing  unit.s  and  the  demolition  of  existing  units  and 
the  ronstruction  of  new  units  in  their  place. 


years.  With  satisfactory  materials  available  for 
use,  this  market  will  become  even  larger,  more 
complex,  and  more  competitive  as  more  and 
larger  projects  are  undertaken. 

A    PRELIMINARY    EVALUATION 

To  gain  a  deeper  insight  into  the  flooring 
market  in  urban  rehabilitation  and  to  deter- 
mine the  relative  position  of  hardwood  flooring 
in  this  market,  I  conducted  a  preliminary  in- 
vestigation. Conferences  were  held  with  urban 
rehabilitation  personnel  and  contractors  in 
Boston,  New  York  City,  Pittsburgh,  Washing- 
ton, D.  C,  and  New  Haven,  Connecticut.  Var- 
ious rehabilitation  projects  were  visited  and 
observed;  and  discussions  were  held  with 
officials  of  various  Federal  and  private  organi- 
zations concerned  with  building  materials  and 
urban  rehabilitation. 

The  investigation  showed  that  floor  surfaces 
in  rehabilitated  housing  have  traditionally 
been  wood.  In  particular,  hardwood  floors 
have  been  considered  the  most  practical  and 
have  been  used  extensively  in  both  new  and 
renovated  units  throughout  the  Northeast.  In 
addition,  recent  studies  have  shown  that  wood 


flooring  is  preferred  in  American  housing 
whenever  conditions  are  suited  to  its  use  {2,  3, 
4). 

In  spite  of  this  preference  for  wood  flooring 
and  its  record  of  residential  service.  I  found 
the  use  of  hardwood  flooring  in  urban  rehabih- 
tation  decreasing.  This  decUne  is  occurring 
even  though  the  construction  of  urban  housing 
for  low  and  moderate  income  families  has  con- 
tinued to  increase  over  the  last  decade.  At  the 
same  time,  the  use  of  nonwood  floor  coverings 
in  urban  rehabilitation  has  increased. 

I  concluded  (1)  that  further  study  was 
needed  on  factors  that  affect  the  use  of  hard- 
wood flooring  in  urban  rehabilitation;  and  (2) 
that  emphasis  should  be  placed  on  the  flooring 
market  in  housing  for  low  and  moderate  in- 
come families. 


THE   NEW   HAVEN   CASE   STUDY 

SCOPE,    OBJECTIVES,    AND 
METHODS 

After  the  preliminary  investigation,  I  con- 
ducted a  study  of  flooring  use  patterns  in 
urban  rehabilitation  in  New  Haven,  Connecti- 
cut. An  intensive  evaluation  of  one  city  was 
preferred  to  a  more  extensive  survey  of  several 
cities. 

It  was  judged  that  an  in-depth  study  of  a 
representative  city  would  be  more  practical; 
and  that  such  a  study  would  produce  useful 
and  reliable  findings.  My  investigations  indi- 
cated that  urban  rehabilitation  construction 
methods,  regulations,  funding,  and  other  re- 
quirements are  fairly  uniform  throughout  the 
country  from  city  to  city.- 

New  Haven  was  selected  because  it  was 
considered  to  be  representative  of  most  cities 
in  the  United  States  that  carry  out  housing 
rehabilitation  in  their  urban  renewal  pro- 
grams. It  is  a  mediun  sized  city  comprised  of 
industrial,  government,  business,  and  aca- 
demic elements  and  one  where  considerable 


"More  detailed  information  pertaining  to  the  pre- 
liminary investigation  and  the  case  study  may  be 
obtained  from  the  author  or  his  USDA  Forest  Service 
unpublished  manuscript  "Urban  Rehabilitation,  Char- 
acteristics, Methods,  and  Requirements  and  Their 
Effect  Upon  the  Use  of  Hardwood  Flooring  and  Other 
Building  Materials." 


experience  and  expertise  in  urban  rehabilita- 
tion can  be  found. 

The  objectives  of  the  study  were:  (1)  to  de- 
termine the  factors  that  influence  the  use  of 
hardwood  flooring  in  urban  rehabilitation;  (2) 
to  determine  which  problem  areas  were  most 
critical  and  where  improvement  would  be  most 
likely;  and  then,  on  the  basis  of  these  findings, 
(3)  to  suggest  possible  solutions. 

Data  and  information  were  obtained 
through  personal  interview,  through  review  of 
the  city's  files  and  publications,  and  by  visits 
to  rehabilitation  sites. 

THE    INTERVIEWS 

Interviews  were  held  with  the  New  Haven 
Redevelopment  Agency,  the  City  Plan  De- 
partment, two  nonprofit  housing  development 
corporations,  two  private  housing  construction 
firms,  and  one  private  architectural  firm. 
Thirty-five  executive  personnel,  construction 
supervisors,  inspectors,  and  architects  partici- 
pated in  the  interviews. 

During  the  interviews  the  participants  were 
asked  to  respond  to  48  questions  contained  in 
a  structured,  open-ended  questionnaire.  The 
questions  covered  such  topics  as  the  agency's 
function  and  experience  in  urban  rehabilita- 
tion, the  construction  and  renovation  of  low 
and  moderate  income  family  housing,  the  use 
of  hardwood  flooring  and  other  wood  products 
in  the  construction  and  renovation,  wood  floor- 
ing and  other  wood  products  trends,  desirable 
attributes  of  flooring  materials,  the  advan- 
tages and  disadvantages  of  various  types  of 
surface  flooring,  and  the  flooring  selection 
process. 

With  the  exception  of  the  City  Plan  Depart- 
ment and  the  private  architectural  firm,  all  of 
the  agencies  and  firms  that  were  interviewed 
sponsor  or  construct  housing  for  low  and  mod- 
erate income  families.  The  Redevelopment 
Agency  sponsors  most  of  the  city's  housing  re- 
habilitation. The  agency,  through  its  neigh- 
borhood improvement  oflices  and  city  field  of- 
fices, is  responsible  for  urban  rehabilitation 
specifications  and  quality.  The  City  Plan  De- 
partment examines  and  approves  the  plans  for 
all  housing  constructed  in  the  city. 

One  of  the  private  construction  firms  inter- 
viewed is  the  largest  building  contractor  en- 


gaged  in  rehabilitation  within  the  city.  It  per- 
forms both  turn-key  and  contract  work.  The 
two  nonprofit  housing  development  corpora- 
tions are  the  city's  largest  and  oldest.  The  ar- 
chitectural firm  has  designed  all  types  of  hous- 
ing for  both  public  and  private  concerns,  in- 
cluding much  housing  for  the  low  and  moder- 
ate income  families. 

Most  of  the  people  participating  in  the  in- 
terviews had  from  5  to  10  years  of  experience 
in  urban  rehabilitation  and  their  organizations 
had  been  involved  in  urban  redevelopment 
and  rehabilitation  for  at  least  10  years. 

THE   RESULTS 

THE    FLOORING    DECISIONS 
AND    THE    DECISION    MAKERS 

The  organizations  interviewed  were  the  four 
groups  most  closely  involved  in  materials  spec- 
ification and  selection.  The  decisions  that 
these  groups  make  about  which  flooring  mate- 
rials to  use  are  made  when  the  rehabilitation 
plans  are  drafted  and  when  the  budget  is  set. 
Their  decisions  are  based  on:  (1)  the  quality, 
specifications,  and  cost  of  the  materials;  (2) 
the  types  of  materials;  (3)  the  brands;  and  (4) 
the  sources  of  supply. 

The  owners  and  the  builders  are  the  most 
influential  in  flooring  materials  selection.  They 
exercise  considerable  control  in  most  of  the 
decisions  (table  1).  In  addition,  they  have  the 
greatest  influence  in  the  decision  areas  that 
are  most  important  in  determining  which  floor- 
ing is  used— decisions  concerning  cost,  type, 
and  .supply  source. 

The  determination  of  type  of  material  is  the 


most  important  decision  and  it  is  often  af- 
fected by  decisions  concerning  costs.  Decisions 
regarding  type  and  cost  are  made  jointly  by 
the  contractor  and  the  owner  early  in  the 
materials-selection  process.  The  selection  of  the 
supply  sources  is  made  primarily  by  the  con- 
tractors and  often  influences  type  and  cost  de- 
cisions. 

The  rehabilitation  officials  and  the  archi- 
tects have  little  influence  on  the  selection  of 
specific  flooring  materials.  Their  responsibil- 
ities involve  primarily  materials  specifications 
and  quality  standards  which  must  be  met  by 
all  flooring  materials.  With  respect  to  flooring 
selection,  their  functions  are  mainly  advisory. 


FACTORS   THAT    DETERMINE 

THE   TYPE    OF    FINISH 

FLOORING    MATERIALS 

Many  factors,  such  as  product  characteris- 
tics, act  and  interact  to  determine  the  type  of 
flooring  used.  The  building  contractor  and  the 
housing  owner  give  prime  emphasis  to  those 
product  characteristics  that  affect  approval, 
acceptance,  and  financing  of  their  units.  The 
contractor  is  likely  to  choose  a  product  that 
he  can  procure  and  install  easily  and  cheaply 
and  that  he  can  sell. 

Overall,  the  most  important  influences  are: 
( 1 )  the  availability  of  the  product  to  the  con- 
tractor; (2)  the  cost  of  the  product  and  asso- 
ciated costs  to  the  contractor  and  the  owner; 
(3)  the  compatibility  of  the  product  with  the 
construction  plan  and  schedules  of  the  builder 
and  owner;  and  (4)  intangible  factors,  such  as 


Table  I. — The  relative  amount  of  influence  that  the  people  responsible  for  specifying  flooring  have 

on  various  flooring  decisions" 


Item 

Quality 

Specifications 

Cost 

Type 

Supply 
source 

Brand 

Purchasing 

Housing  owners" 
Building  contractors 
Rehabilitation  officials 
Architects 

+ 
0 

+ 
0 

+ 
0 

+ 
+ 
0 

+ 
+ 
0 
0 

+ 

+ 
+ 
0 
0 

0 

+ 
0 
0 

'^  -j-  considerable  influence 
0     influence,  usually  in  an  advisory  capacity 
—   little  or  no  influence 
'In  some  instances,  a  group  may  be  multifunctional,  assuming  the  role  and  responsibilities  of  two 
or  more  decision  makers,  such  as  builder  and  owner.   Often  the  contractor  and   the  owner  are  the 
same. 


user  preference,  image,  or  product  informa- 
tion. 

Product  Availability 

The  urban  rehabilitation  market  needs 
building  materials  that  are  consistently  and 
readily  obtainable.  If  a  flooring  product  is  not 
to  be  had  when  and  where  it  is  needed,  then 
the  other  factors  affecting  its  use  need  not  be 
considered. 

The  interviewees  expressed  the  opinion  that 
the  traditional  distribution  channels  of  hard- 
wood flooring  are  not  as  satisfactory  as  those 
of  substitute  products.  Hardwood  flooring  was 
considered  more  difficult  for  the  builders  to 
obtain  than  competitive  products.  Those  in- 
terviewed indicated  that  hardwood  flooring 
was  handled  by  fewer  suppliers;  delayed  more 
often  in  arrival;  and  more  often  in  short  sup- 
ply or  unavailable  in  the  quality,  quantity, 
and  variety  needed. 

Flooring  materials  should  be  provided  for 
urban  rehabilitation  at  a  constant  rate  and  at 
relatively  predictable  and  competitive  prices. 
Unlike  conventional  residential  construction, 
urban  rehabilitation  has  very  little  seasonal 
fluctuaton;  the  planning  is  completed  well 
ahead  of  construction  and  the  construction  is 
on  a  year-round  basis. 

In  addition,  job  time  and  costs  are  designed 
and  contracted  for  within  given  price  ranges  of 
products.  Changes  in  the  supply  or  price  of 
any  component  of  the  complex  upset  schedules 
and  budgets  for  the  entire  project. 

The  respondents  felt  that  the  supply  and 
prices  of  nonwood  products  remain  relatively 
more  constant  than  those  of  hardwood  from 
season  to  season  and  with  fluctuations  in  the 
cost  and  supply  of  raw  materials.  Addition- 
ally, the  interviewees  felt  that  hardwood 
prices  rise  when  the  market  and  economy  are 
good  or  improving;  and  often  when  the  market 
is  poor,  hardwood  flooring  is  not  available  at 
prices  that  would  make  it  competitive. 


bilitation,  and  the  contractor  must  absorb  any 
loss  on  the  construction  phase  of  the  project. 

In  comparing  flooring  materials,  the  build- 
ers and  owners  consider  the  total  cost.  The 
cost  of  flooring  to  them  is  the  combined  total 
of  all  costs,  long  and  short  term,  connected 
with  it.  While  total  product  cost  and  long- 
term  cost  are  important;  cost  factors  that  re- 
quire expenditures  of  money  in  the  short  run, 
such  as  purchasing  and  installation,  are  even 
more  important. 

Installation  Factors.— Installation  includes 
the  actual  laying  of  the  flooring  and  cleaning, 
surfacing,  and  finishing.  Factors  that  make 
the  cost  of  installing  a  product  greater  than 
the  cost  of  installing  competing  materials 
place  that  product  at  a  distinct  competitive 
disadvantage  in  urban  rehabilitation. 

Installation  time  and  labor  cost  are  very  im- 
portant in  the  selection  of  finish  flooring.  Be- 
cause the  urban  rehabilitation  market  is 
highly  competitive  and  because  the  construc- 
tion is  usually  contracted  for  on  a  fixed  cost 
basis,  installation  time  and  labor  costs  must 
be  controlled  as  carefully  as  possible.  It  is  in 
these  areas  that  the  interviewees  found  the 
most  serious  problems  for  hardwood  flooring. 

In  its  present  form,  hardwood  flooring  can- 
not compete  in  speed  of  installation.  Contrac- 
tors felt  that  a  maximum  of  2  to  2i/4  days  for 
a  two-  to  three-man  crew  was  sufficient  to  in- 
stall or  to  renovate  1,000  square  feet  of  floor- 
ing. Most  resilient  sheet  flooring  and  carpet  is 
delivered  in  12-foot  wide  rolls  and  can  be  laid 
in  the  average  dwelling  unit  within  1  day. 
Vinyl  asbestos  tile  takes  a  little  longer;  but 
very  seldom  as  long  as  2  days.  Hardwood  strip 
flooring  laid  directly  on  joists  or  over  a  sub- 
floor  usually  requires  more  than  2  days.  Then 
additional  time  is  needed  for  sanding,  clean- 
ing, applying  sealer  and  finish,  and  for  drying. 

In  addition  to  the  time  difference,  the  inter- 
viewees felt  that  the  installation  and  finishing 
of  hardwood  flooring  requires  highly  skilled 
labor.'  Such  labor  was  considered  expensive 


Cost   Factors 

Next  to  availability,  the  building  contractor 
and  the  housing  owner  are  concerned  prima- 
rily with  factors  that  affect  costs.  In  most 
cases,  they  must  bear  the  initial  cost  of  reha- 


"It  is  doubtful  that  more  skilled  labor  is  required 
for  wood  or  that  the  actual  laying  of  hardwood  floor- 
ing is  any  more  difficult  or  critical  than  the  laying  of 
carpet  or  resilient  flooring.  More  likely,  installation 
problems  associated  with  the  use  of  hardwood  are  due 
to  such  things  as  faulty  installation  procedures,  im- 
proper finishing  and  finishes,  unfamiliarity  with  the 
product,  and  failure  to  allow  for  dimensional  changes 
in  the  wood. 


4 


and  hard  to  obtain  for  hardwood,  especially 
strip  flooring. 

The  interviewees  felt  that  thinner  and 
larger  hardwood  flooring  units,  panelized  and 
prefinished,  were  needed  to  reduce  both  the 
time  and  the  labor  required  to  install  hard- 
wood floors.  The  flooring  units  should  be  of  a 
size  that  two  men  could  handle  readily.  On 
this  basis,  they  felt  that  panelized  hardwood 
flooring,  both  strip  and  block,  could  compete 
with  nonwood  flooring  in  installation  time^ 
and  labor  costs. 

Installed  Cost.— An  installed  cost  between 
30  and  75  cents  per  square  foot  is  preferred 
for  finish  flooring  materials.  I  found  that  the 
installed  cost— the  costs  of  acquisition  and  in- 
stallation—of hardwood  was  acceptable  and 
that  it  compared  favorably  with  the  installed 
costs  of  other  flooring  materials  commonly 
used    in   urban    rehabilitation    (table   2).    In- 


counter  impair  hardwood's  overall  compara- 
tive position. 

Delays  in  receiving  orders  were  often  cited 
as  a  cost  disadvantage  of  hardwood  flooring; 
not  so  much  as  a  direct  cost  but  as  a  cost  in 
the  disruption  of  timetables  and  the  resched- 
uling of  work.  Quite  often  hardwood  flooring 
must  be  purchased  from  two  or  more  sup- 
pliers; this  results  in  loss  of  time  and  incon- 
venience for  the  contractor. 

Hardwood  flooring  was  felt  to  be  more  diffi- 
cult and  expensive  to  protect  from  moisture. 
Precautions  must  be  taken  to  keep  it  dry  and 
dimensionally  stable  in  storage,  enroute  to  the 
site,  and  on  the  job. 

The  respondents  felt  that,  during  and  after 
installation,  hardwood  floors  are  more  suscep- 
tible to  damage  than  competitive  materials.  If 
damaged,  they  are  more  difficult  and  expen- 
sive to  repair  or  replace. 


Table  2. — Interviewees'  opinions  of  installed  costs  for 
flooring  nnaterials  commonly  used  in  urban  rehabili- 
tation 


Flooring  material 


Installed  cost 
(per  square  foot) 


Asphalt  tile 
Vinyl  asbestos  tile 
Composition  sheet 
Hardwood 
Wall-to-wall  carpet 
Ceramic  tile 


$0.35  - 

.45 

.40- 

.50 

.45- 

.55 

.55- 

.65 

.65- 

.75 

1.00- 

1.60 

stalled  costs  were  considered  to  be  lower  for 
resilient  products  because  of  lower  distribu- 
tion costs,  because  of  "deal"  purchase  prices 
available  to  the  contractors,  and  because  fewer 
operations  are  required  to  install  resilient  floor- 
ing and  prepare  it  for  use. 

In  general,  hardwood  floors  fared  well  in 
most  cost  comparisons  with  substitute  prod- 
ucts. However,  some  of  the  difficulties  and  in- 
conveniences that  the  builder  and  owner  en- 


'Although  rapid  installation  is  characteristic  of 
carpet  and  resilient  floor  coverings,  the  time  required 
to  install  both  the  subfloor  and  the  finish  floor  cover- 
ing is  the  correct  time  to  use  for  comparison  with  wood 
flooring. 


Product   Compatibility 

If  a  flooring  material  is  available  and  the 
price  is  acceptable,  the  product  must  also  be 
compatible  with  the  construction  plan  and 
schedules  of  the  builder  to  maximize  efficiency 
and  minimize  time  and  cost. 

The  floor  construction  of  the  typical  new  or 
renovated  unit  differs  little  from  its  conven- 
tional counterpart.  The  finish  flooring  is  in- 
stalled, replaced,  or  repaired  as  close  to  the 
end  of  the  construction  job  as  possible,  but  be- 
fore interior  partitions  are  erected  or  finish 
wall  materials  applied. 

For  most  hardwood  flooring  products,  the 
workers  must  return  later  to  complete  the  fin- 
ishing. When  speed  is  essential,  nonwood  floor- 
ing materials  that  lend  themselves  to  faster  in- 
stallation and  that  do  not  interrupt  the  work 
flow  are  used.  In  addition,  most  substitute 
flooring  materials  are  considered  easier  and 
less  expensive  to  repair  or  replace  in  buildings 
undergoing  renovation. 

Intangible   Factors 

In  addition  to  availability,  cost,  and  com- 
patibility, the  decision  as  to  which  type  of 
flooring  material  will  be  used  is  affected  by  the 
user's  image  and  associations  and  by  product 
information.  However,  none  of  these  intangi- 


hie  influences  is  strong  enough  to  dictate  the 
type  of  flooring  chosen. 

Associations  and  image  include  user  prefer- 
ences, opinions,  tradition,  prestige  value,  abil- 
ity to  blend  with  decor  and  furnishings, 
warmth,  acoustical  properties,  and  the  way 
the  flooring  reacts  to  grease,  solvents,  stains, 
and  the  like. 

Wood  flooring  products  are  preferred  by 
people  living  in  the  Northeast.  Hardwood  has 
an  image  of  being  traditional,  high  in  quality, 
durable,  practical,  and  prestigious.  Many  ar- 
chitects and  rehabilitation  officials  associate  it 
with  higher  quality  construction. 

However,  carpet  and  resilient  flooring  are 
often  preferred  as  more  modern,  fashionable, 
and  versatile.  Related  to  this  image  are  aes- 
thetic appeal,  ease  of  maintenance,  the  feeling 
of  luxury  and  of  having  the  latest  in  luxury 
products,  attractiveness  of  color  and  design, 
and  underfoot  comfort. 

Another  factor  is  the  ability  of  the  flooring 
to  blend  with  the  decor  of  the  room,  apart- 
ment, or  project.  This  factor  especially  affects 
the  choices  of  architects  and  building  owners. 
Most  of  the  interviewees  felt  that  wood  floor- 
ing was  limited  in  designs  and  patterns  at 
practical  prices;  that  it  was  not  versatile 
enough  to  adapt  to  the  decor  of  living  areas 
designed  with  more  modern  materials. 

In  addition,  it  was  felt  that  children  and 
hardwood  floors  are  not  compatible— the  floors 
mar  and  scratch  too  easily,  they  are  slippery, 
they  are  not  as  resilient  as  other  floors,  and 
they  do  not  absorb  shock  and  sound  as  well. 

One  intangible  factor  that  also  appears  to 
have  a  strong  influence  is  the  amount  and 
quality  of  information  available  on  finish  floor- 
ing materials.  The  interviewees  indicated  that 
the  contractor  and  owner  prefer  a  product 
that  is  advertised  as  new,  modern,  and  up  to 
date;  that  is  adequately  guaranteed  by  the 
manufacturers;  and  that  is  liacked  by  techni- 
cal a.ssistance  from  the  manufacturer.  All 
those  interviewed  noted  the  general  lack  of 
unbiased  technical  information  about  the  var- 
ious flooring  materials. 

Most  of  the  people  interviewed  felt  that 
hardwood  flooring  is  not  advertised  or  pro- 
moted as  heavily  as  carpet  or  tile.  The  inter- 
viewees would  like  to  see  flooring  producers  use 
more  appeals  to  the  senses,  more  glamorous 


advertising,  wider  dissemination  of  all  types  of 
information,  more  sales  aids,  more  point-of- 
sale  promotion,  more  representation,  and  in- 
stallation training  programs. 

Generally,  governmental  and  labor  union 
rules  impose  few  restrictions  on  the  choice  and 
use  of  most  finish  flooring  in  new  or  renovated 
units.  Occasionally,  local  housing  standards 
restrict  the  use  of  hardwood  flooring  in  certain 
areas  such  as  bathrooms  and  kitchens.  Build- 
ing trade  unions  may  influence  flooring  selec- 
tion through  practices  that  affect  time  and 
cost  of  installation. 

The  Federal  Housing  Administration  and 
the  Department  of  Housing  and  Urban  Devel- 
opment impose  few  restrictions  that  limit  the 
use  of  hardwood  flooring.  Federal  regulations 
generally  relate  to  long-term  financing,  as  do 
the  recently  established  minimum  standards 
for  carpeting  in  homes  with  Federally-insured 
mortgages. 

Maintenance,  wear  life,  and  other  factors 
can  play  a  governing  role  in  the  selection  of 
flooring  materials  in  some  residential  construc- 
tion. These  factors  generally  caused  no  prob- 
lems in  the  choice  and  use  of  finish  flooring  in 
the  study  area,  however. 


SUMMARY 
AND   CONCLUSIONS 

Compared  to  carpeting  and  resilient  floor- 
ing, hardwood  flooring  is  a  traditional  building 
material  with  natural  beauty.  It  is  identified 
with  ideas  of  quality,  durability,  and  the  like. 
Hardwood  flooring  has  traditionally  been  used 
to  a  greater  extent  in  urban  rehabilitation 
construction  than  any  other  type  of  finish 
flooring. 

Yet,  in  spite  of  its  current  use,  tradition, 
and  people's  love  of  wood,  the  position  of 
hardwood  flooring  in  the  rehabilitation  of 
urban  housing  is  being  threatened.  Hardwood 
will  not  continue  to  be  used  in  urban  rehabili- 
tation unless  it  becomes  more  competitive 
with  other  materials. 

Recognition  of  and  response  to  the  factors 
that  affect  the  choice  of  flooring  for  use  in 
urban  rehabilitation  will  serve  to  strengthen 
the  hardwood  flooring  industry's  position  in 
this  market.  Vigorous  action  taken  now  can 


give  the  industry  a  good  market  for  years  to 
come. 

Results  of  the  study  indicate  that  in  the 
urban  rehabilitation  market,  it  is  the  eco- 
nomic, physical,  or  technological  factors  that 
dominate  product  selection.  Most  factors  re- 
stricting or  preventing  the  use  of  wood  floor- 
ing are  related  to  cost,  availability,  compati- 
bility, and  efficiency. 

The  attitudes  of  the  housing  owners  and  the 
building  contractors— the  two  groups  most  re- 
sponsible for  specifying  flooring  materials— are 
based  primarily  on  cost.  Most  of  the  cost  in 
time  and  money  associated  with  hardwood 
flooring  is  related  directly  or  indirectly  to  its 
methods  of  installation. 

The  industry  should  aim  at  reducing  initial 
cost,  reducing  installation  time,  and  reducing 
the  amount  of  labor  and  skill  required  in  the 
installation  of  its  products.  The  production  or 
prefinished,  panelized  flooring  appears  to  be  a 
desirable  and  promising  solution.  Product 
modification,  changes  in  distribution  and  sup- 
ply, and  other  reductions  in  cost  can  be  ac- 
complished with  present  technology. 

The  hardwood  flooring  industry  should  also 
be  attentive  to  those  influences  that  might  be 


termed  home  environment  factors.  In  addi- 
tion, a  well-rounded  marketing  and  merchan- 
dising program  by  the  wood  flooring  industry 
is  considered  essential.  More  vigorous, 
efficient,  and  appealing  promotion,  as  well  as 
more  adequate  technical  assistance  would  def- 
initely be  helpful. 

Beside  the  direct  benefits  that  members  of 
the  industry  would  receive  from  continued  or 
increased  attention  to  the  urban  rehabilitation 
market,  products  and  techniques  developed 
for  this  market  should  be  applicable  to  other 
residential  and  nonresidential  construction. 
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ABSTRACT 

Eastern  white  pine  is  the  most  valuable  conifer  in  the  Northeast,  and 
its  large  botanical  range  has  provided  ample  opportunity  for  the 
development  of  ecotypes.  Provenance  plantings  in  nine  states  provided 
information  on  variability  within  the  species  and  recommendations 
for  moving  seed  from  one  region  to  another.  Good  growth  was  ob- 
tained on  southern  Appalachian  sources  moved  as  far  north  as  cen- 
tral Pennsylvania.  Needle  length,  branching  habit,  cone  production, 
and  other  characters  are  discussed. 


INTRODUCTION 

^  HE  NORTHEASTERN  Forest  Experi- 
ment Station  held  a  "White  Pine  Research 
Program  Conference"  at  New  Haven,  Con- 
necticut, in  February  1955  to  set  up  priorities 
for  the  Station's  research  with  this  species. 
The  growth  potential  of  eastern  white  pine 
{Pinus  strobus  L.)  was  well  known;  but  in 
much  of  the  Northeast,  timber  quality  was  a 
major  problem.  The  primary  cause  of  degrade 
could  be  attributed  to  forest  pests,  particu- 
larly to  the  white  pine  weevil  {Pissodes  strobi 
Peck),  which  had  been  responsible  for  annual 
losses  exceeding  7  million  dollars  in  New  Eng- 
land forests  alone  (Marty  and  Mott  1964). 
But  quality  is  also  affected  by  the  growth  rate 
(distance  between  nodes),  stem  form,  number 
and  diameter  of  branches,  l)ranch  angle,  and 
other  factors  that  may  be  genetically  con- 
trolled. 

For  the  Genetics  Project,  it  was  concluded 
that  information  was  urgently  needed  on  ra- 
cial variation.  There  was  evidence  for  the  ex- 
istence of  racial  differences  in  eastern  white 
pine,  but  no  experiments  to  provide  adequate 
information  about  the  extent  or  nature  of  such 
genetic  variation  or  the  best  provenances  for 
use  in  different  parts  of  the  region. 

As  a  follow-up  to  the  Connecticut  meeting, 
representatives  of  the  USDA  Forest  Service's 
Southeastern,  Lake  States,  Central  States, 
and  Northeastern  Forest  Experiment  Stations, 
and  Dr.  Heimburger  of  the  Southern  Research 
Station,  Maple,  Ontario,  conferred  on  white 
pine  racial  tests  in  Washington,  D.C.,  on  Au- 


Table    I. — Location   and   design   of   plantations 


Plantatio 

No. 


Location 


Field 
design 


Lat 


Lonti 


Elev. 
(feet) 


Established  b\  Northeastern  Station; 

1  Orono,  Maine 

2  Alfred,  Maine 

3  Essex  JiuK'tion,  Vermont 

4  Paul  Smiths,  New  York 

5  Williamstown,    Massachusetts 

6  Warren,  Pennsylvania 

7  Standing  Stone,  Pennsylvania 

8  Kennett  Square,  Pennsylvania 

9  Savage  River  State  Forest,  Maryland 

10  Horseshoe  Run,  West  Virginia 

1 1  Rison,  Maryland 

Established  hv  Central  States  Station: 

12  Nelsonville,  Ohio 

13  London.   Kentuckv 


III 

44°53'N 

68°39'W 

100 

,  II,  III 

43°32'N 

70°40'W 

300 

III 

44°28'N 

73°09'W 

327 

I 

44''26'N 

74°13'W 

1,81. "5 

I 

42°44'N 

73°14'W 

1,050 

I 

4r50'N 

79°15'W 

1,180 

III 

40°37'N 

78°55'W 

960 

I 

39°52'N 

75°41'W 

400 

III 

SOMO'N 

79°15'W 

2,740 

I 

39°11'N 

79°35'W 

1,720 

II 

38°30'N 

77°20'W 

100 

IV 

39°28'N 

82°12'W 

700 

IIIC.S. 

36°59'N 

84°17'W 

1,100 

gust  4,  1955.  This  group  recommended  that 
the  same  14  provenances  in  a  standard  field 
design  (with  81 -tree  plots)  would  he  included 
in  at  least  one  outplanting  in  each  region,  and 
that  any  number  of  additional  provenances 
could  be  included  in  other  field  designs. 

Eleven  of  the  13  provenance  plantations 
evaluated  in  this  report  were  established  by 
the  Northeastern  Station;  2  plantations  were 
established  by  the  former  Central  States  For- 
est Experiment  Station  (table  1). 

MATERIAL   AND   METHODS 

Seed  Collection 

Seed  for  the  Northeastern  Station's  tests 
was  supplied  by  cooperators  from  32  prove- 
nances (fig.  1,  table  2).  Instructions  for  seed 
collection  were  as  follows: 

All  seed  must  be  from  trees  in  naturally 
regenerated  stands;  they  may  be  either  pure 
stands  of  white  pine  or  white  pine  in  mixture 
with  other  species. 

Approximately  25  cones  should  be  col- 
lected from  each  of  10  trees  chosen  at  random 
over  an  area  of  5-10  acres,  or  approximately 
'/i  mil(>  of  forest  road  in  a  good  stand.  Trees 
in  openings  or  bord(>r  trees  may  be  chosen 
for  ease  of  cone  collection  provided  they  are 
definitely  of  natural  origin.  Squirrel-cut 
cones  may  be  collected  from  the  ground  if 
they  can  be  assigned  with  reasonable  cer- 
tainty to  a  single  tree. 

The  cones  from  each  tree  should  be  packed 
in  separate  bags  for  extraction  at  the  North- 
eastern Station. 


Nursery   Stock 

The  Northeastern  Station's  outplantings  in 
1959  (plantations  7  to  11)  were  established 
with  2-0  stock  grown  in  the  Maryland  State 
Forest  Nursery.  The  1960  plantations  (1  to  6) 
were  established  with  3-0  stock  grown  in  the 
New  Jersey  and  New  York  State  Forest  Nurs- 
eries. 

Seedlots  were  kept  separate  by  individual 
seed  trees  through  the  nursery  phase  of  this 
study  for  two  reasons:  (1)  to  allot  (for  out- 
planting)  approximately  the  same  number  of 
seedlings  from  each  of  the  seed  trees  repre- 
sented in  a  provenance;  (2)  for  information  on 
juvenile  variation  between  one-parent  progen- 
ies from  the  same  provenance  {Sant amour 
1960). 

The  seed  for  the  Central  States  plantations 
was  extracted,  bulked  by  provenance,  and 
grown  at  the  Ralph  Edwards  Nursery  in 
North  Carolina. 


FIELD   TEST 
LOCALITIES 

The  Northeastern  Station  established  plan- 
tations in  12  localities  to  sample  the  environ- 
mental conditions  under  which  eastern  white 
pine  might  be  planted  in  the  region:  3  in 
Pennsylvania;  2  each  in  New  York,  Maine, 
and  Maryland;  and  1  each  in  Massachusetts. 
Vermont,  and  West  Virginia  (fig.  2).  (One  of 


Figure  I. — Map  of  seed  sources  used  in  the  provenance  tests.  Shaded 
areas  show  the  natural  range  of  eastern  white  pine.  Numbers  indicate 
seed-collection  points  (table  2). 


Table  2 — Seed  source  locations  for  white  pine  provenance  study 


Seed lot 

No. 


Location 


Lai 


Elev. 
( feet) 


1  Union  County,  Georgia  34°46'N  84°03'W 

2  Transylvania   County,   North    Carolina        35°14'N  82°38'W 

3  Greene  County,  Tennessee  36°00'N  82°48'W 

4  Garrett  County.  Maryland  39°39'N  78°45'W 

5  Greenbrier  County,  West  Virginia  38°00'N  80°30'W 

6  Monroe  County,  Pennsylvania  41°05'N  75°25'W 

7  Monroe  County,  Pennsylvania  41°05'N  75°2.5'W 

8  Clearfield  County,  Pennsylvania  41°00'N  78°30'W 

9  Clearfield  County,  Pennsylvania  4rOO'N  78°30'W 

10  Ulster  Countv,  New  York  41M5'N  74°L5'W 

11  Ulster  County,  New  York  41M5'N  74°15'W 

12  Franklin  County,  New  York  44°25'N  74°15'W 

13  Worcester  County,  Massachusetts  42°.30'N  72n5'W 

14  Penobscot  County,  Maine  44°51'N  68°38'W 

15  Allamakee  County,  Iowa  43n5'N  9r30'W 

16  Ashland  County,  Ohio  40°45'N  82°15'W 

18  Forest  Countv,  Wisconsin  45''30'N  88°30'W 

19  Cass  Countv,  Minnesota  47°30'N  94°.30'W 

20  Lunenburg  County,  Nova  Scotia  44°2.5'N  64°35'W 

21  Sunburv  County,  New  Brunswick  46°00'N  66n5'W 

22  Quebec  County,  Quebec  47°30'N  72''00'W 

23  Pontiac  County,  Quebec  47°30'N  77''00'W 

24  Norfolk  County,  Ontario  42M0'N  80°27'W 

25  Algoma  District,  Ontario  46nO'N  82°37'W 

27  Carroll  County,  New  Hampshire  43°45'N  71°25'W 

28  Lake  Countv,  Minnesota  48°00'N  91°45'W 

29  Houghton  County,  Michigan  47°00'N  88''30'W 

30  Pulaski  County,  Virginia  37°00'N  80°50'W 

31  Sauk  County,  "Wisconsin  43°30'N  89°30'W 

32  Newaygo  County,  Michigan  43°30'N  85°40'W 


2,450 
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1,600 
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Figure  2. — Location  of  white  pine  provenance  planting  sites  (table   1). 


the  New  York  plantings,  near  Antwerp,  was 
destroyed  when  the  same  location  was  ma- 
chine-planted by  the  State  and  reference 
stakes  were  lost.) 

Two  additional  plantings  near  New  Haven, 
Connecticut,  were  established  by  Northeast- 
ern Station  entomologists  for  evaluation  of 
weevil  damage;  the  results  of  their  research 
are  not  included  in  this  report. 

The  Central  States  estal)lished  the  planta- 
tions in  Nelsonville,  Ohio,  and  London,  Ken- 
tucky (table  1). 

The  number  of  .seeds  in  some  collections 
was  not  sufficient  to  permit  planting  all  32 
provenances  at  each  test  location,  and  the  ac- 
tual number  of  sources  varied  from  1  7  to  29. 


FIELD    DESIGNS 

Design  /.—Two  trees  of  each  provenance 
were  planted  6  to  10  inches  apart  at  a  spacing 
of  10  X  10  feet  in  24  randomized  blocks  (repli- 
cates). The  purpose  in  planting  two  closely 
spaced  trees  was  to  reduce  the  need  for  re- 
planting failed  one-tree  plots.  At  the  end  of 
the  second  year,  when  the  trees  were  well  es- 
tablished, one  tree  was  removed  from  each 
planting  spot. 

Drsif>n  //.—Two-tree  row-plots  of  each 
provenance'  were  planted  in  24  randomized 
blocks.  Provenance  trees  were  spaced  7  feet  in 
rows  14  feet  apart.  The  intervening  (alter- 
nate) rows  were  planted  with  filler  trees  to  ob- 


tain  a  spacing  of  7  x  7  feet.  Tliere  were  two 
rows  of  border  trees  around  the  plantations. 

Design  ///.—Four-tree  row-plots  of  each 
provenance,  spaced  7  feet  in  rows  14  feet 
apart,  were  planted  in  12  randomized  blocks. 
As  in  Design  II,  filler  trees  were  used  to  ob- 
tain a  spacing  of  7  x  7  feet,  and  two  rows  of 
border  trees  were  used. 

Design  III  C.S. -This  Central  States  design 
was  a  complete  randomization  of  twelve  4-tree 
row-plots  in  a  single  block,  with  spacing,  fill- 
ers, and  border  trees  as  in  Design  III. 

Design  IV.— The  decision  of  the  conferees  at 
the  Washington  meeting  called  for  a  "large- 
plot"  design,  with  14  provenances,  in  each  re- 
gion; 81 -tree  plots  of  each  provenance,  in  4 
randomized  blocks,  planted  at  7  x  7  feet  spac- 
ing with  2  border  rows  around  each  block. 
This  design  would  require  3.64  acres  per  block 
without  the  border  trees. 

The  Nelsonville,  Ohio,  plantation,  estab- 
lished by  the  Central  States  Station,  is  the 
only  design  IV  plantation  included  in  this  re- 
port. 

A  design  IV  was  included  in  the  Northeast- 
ern Station  working  plan,  but  in  1960  there 
was  no  suitable  area  of  cleared  land  available 
to  the  Station  for  such  a  large  design.  Four 
blocks  of  81 -tree  plots  with  different  numbers 
of  provenances  were  established  at  Alfred. 
Maine,  on  heavily  revegetated  pasture  land. 
The  blocks  were  extremely  irregular,  both  in 
topography  and  natural  vegetation  (brush  and 
5-  and  6-inch  d.b.h.  tree  growth,  mostly 
aspen).  There  was  no  labor  available  to  clear 
this  land  either  before  or  after  planting;  so 
this  plantation  has  not  been  included  in  this 
report. 

PLANTATION   SITES, 

SITE   PREPARATION, 

AND   AFTER-CARE 

There  has  been  no  systematic  or  detailed 
analysis  of  climates  or  soils  for  any  of  the 
plantation  sites,  but  there  are  obvious  and 
contrasting  local  differences  that  may  affect 
growth  and  development.  With  one  exception 
(Paul  Smiths,  N.  Y.)  all  plantations  were  es- 
tablished on  old  fields.  The  Northeastern  Sta- 


tion plantations  were  sprayed,  where  neces- 
sary, for  control  of  the  white  pine  weevil;  they 
will  be  sprayed  as  necessary  until  the  leaders 
are  beyond  reach  of  the  l)ack-pack  sprayer. 

1.  Orono,  Maine:  This  planting  is  on  the 
Penobscot  Experimental  Forest.  The  site 
is  flat  with  a  fairly  heavy  textured  soil, 
permitting  only  moderate  drainage. 
Spring  site  preparation  (scalped  furrows) 
was  planned,  but  was  not  po.ssible  be- 
cause the  ground  was  too  wet.  Severe 
frost-heaving  occurs  in  the  area,  but  it 
did  not  contribute  significantly  to  mortal- 
ity in  this  planting.  The  site  is  considered 
a  fair  to  moderate  pine  site  in  ths  area. 

2.  Alfred,  Maine:  These  plantations  are  on 
gently  sloping  abandoned  farmland  leased 
to  the  Forest  Service  by  P.  Chadbourn. 
They  are  adjacent  to  the  Massabesic  Ex- 
perimental Forest.  Design  I  (plantation 
GP-4-60)  is  located  on  the  upper  portion, 
design  II  (GP-5-60)  is  in  the  midsection 
of  the  slope,  and  design  III  (GP-6-60)  is 
at  the  lower  end.  The  soil  on  the  upper 
portion  of  the  slope  appears  to  be  rather 
shallow,  possibly  indicating  topsoil  ero- 
sion in  the  past;  but  generally  the  .site  is 
good,  and  growth  reflects  this  condition. 
The  trees  were  bar-planted  in  scalped  fur- 
rows made  with  a  planting  machine. 

3.  Essex  Junction,  Vermont:  This  is  an  ex- 
posed, gently  sloping  old  pasture  site. 
The  soil  is  heavy,  but  drainage  appears 
fair  to  good.  Two  replicates  had  to  be 
planted  on  an  area  scalped  for  top.soil; 
the  remaining  replicates  were  planted  in 
sod. 

4.  Paul  Smiths,  New  York:  The  plantation 
slopes  down  into  an  artificial  pocket 
formed  by  highway  construction.  Most  of 
the  mortality  and  climate-induced  dam- 
age occurred  in  the  lower  end  of  this 
"cold"  pocket.  A  general  improvement  in 
height  and  vigor  was  apparent  on  the 
higher  portions  of  the  slope. 

This  was  an  old  clearcut  forest  site  with 
sparse  brush  cover.  Site  preparation  con- 
sisted of  plowed  furrows  spaced  10  feet 
apart;  the  trees  were  planted  in  3-foot 
circular  scalps  at  10-foot  intervals  along 
the  furrows. 


5.  Wiltiamstown,  Massachusetts:  This  was 
an  old  hay  field  with  very  little  woody 
vegetation.  The  soil  is  only  moderately 
fertile  and  has  a  tendency  to  hecome 
droughty  during  most  of  the  growing  sea- 
son. Two-foot-wide  strips  were  mowed  at 
10-foot  intervals  to  facihtate  planting. 

6.  WarretT,  Pennsylvania:  This  plantation  is 
on  an  old-field  flood  plain  ideally  suited 
for  growth  of  this  species.  There  was  no 
site  preparation.  Approximately  one-half 
of  the  replicates  were  lost  to  new  highway 
construction  since  the  lOth-year  remea- 
surements. 

7.  Standing  Stone,  Pennsylvania:  This  is  an 
exposed  hilltop  in  gently  rolling  terrain. 
Soil  fertility  is  probably  fair  to  good,  but 
the  exposed  nature  of  the  site  may  con- 
tribute to  less  than  optimum  growth 
when  compared  to  the  general  area.  Inad- 
equate soil  moisture  in  spots  during  sev- 
eral very  dry  summers  probably  contrib- 
uted to  mortality.  The  plantation  site  was 
plowed  and  disked  before  planting. 

8.  Kennett  Square,  Pennsylvania:  This 
plantation  is  on  fertile,  gently  sloping 
farm  land  on  the  grounds  of  Longwood 
Gardens,  maintained  by  Longwood  Foun- 
dation, Inc.  The  plantation  included  con- 
tour strips  of  sod  land,  fallow  land  (corn 
in  1957),  and  corn  land  (corn  in  1958). 
The  area  is  kept  mowed  and  most  of  the 
early  mortality  was  due  to  this  practice. 

9.  Savage  River  State  Forest,  Maryland: 
The  plantation  is  on  an  exposed,  some- 
what eroded  slope  facing  the  prevailing 
winds.  The  field  was  in  corn  in  1957;  it 
was  seeded  in  1958  and  carried  a  light  .sod 
at  the  time  of  planting.  There  was  no  site 
preparation. 

10.  Horseshoe  Run  Recreation  Area,  West 
Virginia:  This  is  an  excellent  site;  bot- 
tomland subject  to  overflow  at  the  base  of 
a  steeply  wooded  slope,  with  an  accumu- 
lation of  topsoil  from  the  slope  and  flood 
deposits  from  the  small  stream.  The 
water  table  is  optimum  for  plant  growth. 
and  the  narrow  valley  affords  protection 


from  adverse  weather  conditions.  The 
field  was  plowed  and  harrowed  before 
planting. 

11.  Rison,  Maryland:  This  planting,  on  the 
General  Smallwood  State  Park  grounds, 
is  level  and  probably  has  adequate  mois- 
ture and  nutrients  for  good  white  pine 
growth.  Weeds  and  sweetgum,  sassafras, 
and  ash  reproduction  were  mowed  at  the 
end  of  the  first,  second,  and  third  growing 
.seasons.  The  field  was  in  corn  in  1958; 
there  was  no  site  preparation  before 
planting. 

12.  Nelsonville,  Ohio:  This  plantation  was  es- 
tablished by  the  Central  States  Station 
on  the  Wayne  National  Forest.  The  field 
had  been  limed  and  fertilized  for  pasture 
by  permittees  and  therefore  was  more  fer- 
tile than  typical  old  pastures.  The  soil  is 
a  silt  loam,  and  the  site  has  a  slight 
west-facing  slope.  Early  maintenance  in- 
cluded mowing  and  chemical  weed  con- 
trol. 

13.  London,  Kentucky :  This  plantation  was 
established  by  the  Central  States  Station 
on  the  Baldrock  Experimental  Forest. 
The  site  is  level,  and  the  soil  is  a  silt 
loam.  The  field  was  disked  before  plant- 
ing, and  herbicides  were  used  to  eliminate 
brush  competition  the  first  season. 

MEASUREMENTS 
AND   OBSERVATIONS 

At  the  end  of  10  growing  seasons  from  seed 
(nursery-planted  in  1957),  the  following 
measurements  and  observations  were  recorded 
for  all  trees  in  the  Northeastern  Station  plan- 
tations: (1)  survival;  (2)  10-year  height;  (3) 
the  following  measurements  from  the  third 
whorl  from  the  top— number  of  branches, 
branch  angle,  and  needle  length  (average  of  5 
fascicles  taken  from  center  of  current  season's 
growth);  (4)  frost  and  snow  damage;  (5)  dis- 
ease, weevil  damage,  and  injury  due  to  insects 
other  than  weevils;  (6)  secondary  flushing; 
(7)  presence  of  cones;  and  (8)  forks  and 
off.sets. 

Data  supplied  by  cooperators  on  the  Cen- 
tral   States    Station's    Ohio    and    Kentuckv 


plantings  included:  survival,  heights  at  several 
ages,  branch  measurements,  and  occurrence  of 
proleptic  growth. 


RESULTS  AND  DISCUSSION 

Survival 

Wright,  et  al.  {1963)  reported  significant 
differences  in  survival  in  two  lower  Michigan 
plantings,  but  most  of  the  mortality  occurred 
in  the  first  year  following  planting  and  was 
probably  due  to  seedling  handling  at  the  time 
of  planting  and  not  differences  in  site  adapta- 
bility. 

Sluder  (1963)  found  significant  differences 
in  provenance  survival  in  Georgia,  North  Car- 
olina, and  Virginia  plantings;  but  the  differ- 
ences were  not  correlated  with  latitude  of  seed 
sources.  Fowler  and  Heimburger  (1969)  re- 
ported over  95  percent  survival  for  all  sources 
in  two  plantings  in  southern  Ontario  (lat. 
42°30'N  and  44°05'N),  and  survival  of  seed 
source  was  not  correlated  with  seed  source  lat- 
itude. 

Survival  (10th  year)  was  generally  good 
(84  to  99  percent)  in  our  15  plantings  located 
in  a  number  of  climatic  zones— from  Rison, 
Maryland,  (lat.  38°30'N)  to  Orono,  Maine 
(lat.  44°50'N).  Provenance  survival  was  sig- 
nificantly correlated  with  provenance  latitude 
only  in  Massachusetts  (5)  and  New  York  (4). 
Both  were  positively  correlated  at  the  0.01 
level. 

There  were  slight  non-significant  trends  in 
our  data  to  suggest  that  local  sources  may  sur- 
vive better  in  the  North  and  South,  but  source 
becomes  less  important  in  mid-range  latitudes. 
However,  these  slight  differences  in  survival 
are  probably  far  less  important  than  either 
growth  rate  or  pest  resistance  within  the  geo- 
graphic range  of  our  outplantings. 

Height  at  Age   10 

Results  from  white  pine  provenance  plant- 
ings in  the  Central  States  Region  indicate 
that  southern  sources,  with  the  possible  excep- 
tion of  Virginia  (30)  outperform  northern 
source  trees  (Wright  1970).  Funk  (1970)  re- 
ported similar  results  in  Indiana  and  Illinois, 
but  not  in  Iowa,  suggesting  that  Iowa  may  lie 


near  the  northern  or  western  limit  for  superi- 
ority of  southern  Appalachian  provenances. 

Based  on  growth  data  collected  in  the  Lake 
States,  King  and  Nienstaedt  (1968)  reported 
that  northern  Michigan,  Minnesota,  and  Wis- 
consin all  appear  to  be  north  of  the  line  where 
southern  sources  outperform  local  sources 
(the  southern  Ontario  source— 24— does  well  in 
these  areas).  The  southern  portion  of  Michi- 
gan's lower  peninsular  is  probably  below  the 
line,  because  southern  Appalachian  sources  do 
well  in  that  area. 

Sluder  (1963)  established  plantings  of 
.southern  Appalachian  provenances  in  three 
southeastern  states  and  found  that  height 
growth  was  correlated  with  latitude  of  seed 
source.  Faster  growth  occurred  on  .southern 
source  trees  and  slower  growth  on  northern 
source  trees.  Genys  (1968)  reported  similar 
results  in  Maryland. 

Several  plot  sizes  (1-,  2-,  4-,  and  81-tree 
plots)  were  included  in  our  study.  The  mean 
and  variance  were  calculated  for  each  plot 
containing  two  or  more  living  trees.  No  rela- 
tionship was  found  between  mean  and  vari- 
ance, and  no  difference  in  variance  due  to  plot 
size  was  found.  Variances  were  subsequently 
pooled  over  all  plots,  blocks,  and  locations,  ex- 
cept for  location  2-59  (central  Pennsylvania) 
where  the  variances  were  too  high. 

Becau.se  all  provenances  were  not  repre- 
sented at  all  locations,  Scheffe's  S-method  was 
used  to  test  hypotheses  of  interest  (table  3). 
The   results   indicated   significant   differences 


Table  3. — Selected  comparisons,  using  Scheffe's 

S-method 

I  Location  vs.  all  provenances] 


Plantation 

No. 

Location 

Significance 

1-59 

Southeastern  Pennsylvania 

n.s. 

2-59 

Central  Pennsylvania 

* 

3-59 

Southern  Maryland 

■■t 

4-59 

Western  Maryland 

n.s. 

5-59 

West  Virginia 

1-60 

Massachusetts 

n.s. 

2-fiO 

New  York 

n.s. 

.3-60 

Northwestern  Pennsyl 

vania 

;;: 

4-60 

Southern  Maine  (I) 

* 

5-60 

Southern  Maine  (II) 

n.s. 

6-60 

Southern  Maine  (III) 

7-60 

Central  Maine 

n.s. 

12-60 

Vermont 

n.s. 

Figure  3. — Correlation  of  provenance  height  with  provenance  latitude 
at  all  planting  sites. 


=  SIGNIFICANT  AT 
0.05  LEVEL 

**  =  SIGNIFICANT  AT 
0.01  LEVEL 

NS  =  NONSIGNIFICANT 

(-)  =  NEGATIVE  CORRELATION 

(+)  =  POSITIVE  CORRELATION 


Table  4. — Correlations  between  several  parameters  at  age  1 0:  White  pine  provenance  study 


Source    /Tree 

Number  /Source 

Tree    /Needle 

Source    /Needle 

Plantation 

No. 

latitude/height 

branches/ latitude 

height/  length 

latitude/ length 

Kentucky 

6-59 

-.8670** 

Southern   Maryland 

3-59 

-.8145** 

+  . 2882ns 

+  .8931** 

-.4806* 

Central   Pennsylvania 

2-59 

-.7292** 

-.4622* 

+  .8269** 



Ohit) 

7-59 

-.6890** 





-.6429* 

West    Virginia 

5-59 

-.6788** 

+  .4745* 

+.8597** 

-.7917** 

Western   Maryland 

4-59 

-.6659** 

+  .4882* 

+.7720** 

-.8533** 

Northwestern  F'ennsvlvania 

3-60 

-.6307** 

+  .  1594  ns 

+.6315** 

-.7095** 

Southeastern  Pennsylvania 

1-59 

-.5230** 

-.0156ns 

-f-.8100** 

-.3118ns 

Vermont 

12-60 

-.3161ns 

+  .5426** 

+.6240** 

-.6320** 

Southern   Maine 

6-60 

-.1787ns 

+  .4477* 

+.6799** 

-.7214** 

Soutliern  Maine 

4-60 

-.1379ns 

+  .4905** 

+.0565ns 

-.5798** 

Southern  Maine 

5-60 

-.0652  ns 

+  .7598** 

+  .321 0ns 

-.7656** 

New  York 

2-60 

-.0253ns 

+  .4530* 

+  .7973** 

-.3439ns 

Massachusetts 

1-60 

1  .0789ns 

+  .6112** 

+  .1560hs 

-.3493ns 

Central  Maine 

7-60 

f.3964* 

+.6822** 

+.8519** 

I-. 34.52ns 

between  provenances  in  6  of  13  locations.  Four 
of  these  were  among  the  five  fastest  growing 
plantations  based  on  average  height  of  all 
sources.  Plantation  height  generally  reflected 
the  existing  site  conditions,  and  a  strict  geo- 
graphic pattern  did  not  occur. 

Height  was  correlated  with  provenance  lati- 
tude in  both  the  upper  and  lower  latitude 
plantations  but  not  in  the  mid-range  planta- 
tions (fig.  3,  table  4).  In  the  West  Virginia, 
Maryland,  Pennsylvania,  Ohio,  and  Kentucky 
plantings,  trees  from  southern  sources  (other 
than  Virginia)  were  tallest,  while  northern 
source  trees  were  tallest  when  planted  in  cen- 
tral Maine.  Seed-source  latitude  was  not  a  fac- 
tor in  height  growth  in  New  York,  Vermont, 
or  southern  Maine. 

Results  from  our  15  plantations  (13  loca- 
tions) in  the  Northeast  indicate  that  southern 
sources  should  do  very  well  in  all  but  the 
northernmost  locations  (table  5).  On  the  basis 
of  10-year  growth,  we  would  recommend  that 
southern  Appalachian  (Georgia,  Tennessee, 
North  Carolina),  southeastern  New  York, 
eastern  Pennsylvania,  and  Ontario  sources  be 
planted  as  far  north  as  central  Pennsylvania; 
that  southern  provenances  and  provenances 
from  Pennsylvania  and  southeastern  New 
York  be  considered  in  the  zone  between  lati- 
tudes 40"  and  45"N;  and  that  only  prove- 
nances from  above  latitude  40  N  be  used  in 
central  and  northern  Maine.  The  poor  growth 
of  the  Quebec  provenances  in  all  the  plantings, 
and  the  relatively  poor  performance  of  the 
Virginia  source,  suggest  that  seedlings  from 
those  sources  should  not  be  included  in  future 
planting  programs. 

Santamour  {I960)  and  Sluder  (1968)  have 
suggested  that  seedlings  of  southern  sources, 
when  moved  north,  either  grow  at  a  faster  rate 
or  utilize  a  greater  portion  of  the  growing  sea- 
son than  northern  sources.  If  this  movement 
does  not  exceed  certain  limits  (approximately 
latitude  43 °N)  the  trees  are  able  to  harden  off 
in  time  to  escape  damage  by  early  fall  frost.  If 
moved  too  far  north,  however,  spring  frost 
damage  keeps  net  growth  below  that  of  north- 
ern sources.  This  may  be  a  factor  in  some 
areas,  but  we  did  not  observe  frost  damage  in 
our  northern  most  plantation,  where  latitudes 
and  heights  or  provenances  were  positively 
correlated. 


Number   of   Branches 

We  were  interested  in  the  possiljle  relation- 
ship between  seed  source  and  number  of 
liranches.  Number  of  branches  on  the  third 
whorl  from  the  top  was  chosen  as  an  indicator 
of  branchiness.  The  correlation  of  latitude  of 
planting  and  number  of  branches  (all  sources 
combined)  was  not  significant  (r—  .4617). 
The  correlation  between  average  height  and 
number  of  branches  in  a  plantation,  however, 
indicates  that  plantations  with  the  tallest 
trees  also  have  the  most  Inanc'hes  (r~ 
i  .914). 

The  coirelation  of  numl)er  of  branches  with 
provenance  latitude,  computed  separately  for 
each  plantation,  was  positive  in  all  cases  except 
the  plantations  in  central  and  southeastern 
Pennsylvania  (table  4). 

The  southern  seed  sources  definitely  had 
fewer  branches  in  our  northern  plantations, 
but  differences  between  sources  tend  to  dimin- 
ish and  finallv  disappear  entirely  in  the  south- 
ern plantations.  Funk  (1970)  also  reported 
greater  growth  and  fewer  branches  on  south- 
ernsourc^e  trees  grown  in  Indiana  and  Illinois. 

Needle   Length 

Needle  lengths  were  not  measured  in  the 
Ohio  and  Kentucky  plantations. 

Average  height  of  trees  in  the  other  planta- 
tions was  correlated  with  average  needle 
length  of  all  provenance  trees  in  the  planta- 
tion (r=  +.644).  When  individual  prove- 
nances within  plantations  were  analyzed,  the 
correlations  were  always  positive  indicating 
that  the  tallest  sources  have  the  longest  nee- 
dles. In  10  of  13  plantations  it  was  significant 
at  the  .01  level  of  probability,  and  in  the  other 
3  it  was  positive  but  nonsignificant  (table  4) 
(Massachusetts,  two  at  Alfred,  Maine). 

As  we  speculated  with  number  of  branches, 
this  may  be  a  function  of  tree  size  at  this 
young  age  and  could  very  well  disappear  as 
the  trees  grow. 

There  was  also  a  strong  correlation  with 
length  of  needles  and  latitude  of  planting 
(table  4).  With  the  exception  of  the  northern 
most  plantations,  the  southern  sources  pro- 
duced the  tallest  trees  and  had  the  longest 
needles.  Genys  (1968)  reported  similar  results 
for  2-year-old  white  pine  in  Maryland. 
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Branch  Angle 

The  angle  of  branch  growth  from  the  main 
stem  was  measured  at  the  third  whorl  from 
the  top,  and  our  data  indicated  that  most 
eastern  white  pine,  regardless  of  seed  source, 
are  similar  in  this  particular  characteristic.  No 
significant  differences  were  found  between  lat- 
itude of  provenance  and  branch  angle  in  any 
of  our  plantings.  Branches  tended  to  be  fairly 
flat  (60  to  70  degrees  from  the  main  stem)  in 
this  study. 

A  few  individual  trees  had  a  very  pro- 
nounced fastigiate  branching  habit,  but  this 
was  not  related  to  provenance.  Because  half- 
sibs  were  not  identified  in  the  final  outplant- 
ings,  it  is  not  known  if  the  fastigiate  types 
within  a  provenance  came  from  the  same  par- 
ent trees. 

Frost   Damage 

The  only  planting  with  a  measurable 
amount  of  external  frost  damage  was  at  Paul 
Smiths,  New  York,  and  the  difference  among 
seed  sources  were  not  significant.  On  the  basis 
of  our  observations,  we  would  agree  with 
Wright  (1963)  that  winter  injury  is  unimpor- 
tant, at  least  as  far  north  as  latitude  4.5°N. 

No  attempt  was  made  to  record  internal 
frost  injury,  and  perhaps  this  should  be 
considered  in  future  measurements.  Fowler 
and  Heimburger  (1969)  found  that  late  spring 
frosts  cause  some  injury  to  the  cambial  initials 
of  eastern  white  pine  branches,  but  no  prove- 
nance differences  were  noted  in  their  southern 
Ontario  plantings. 

Snow   Damage 

Snow  damage  was  observed  only  in  areas 
where  heavy  showfalls  occur  and  in  slower 
growing  plantations  within  these  areas.  The 
principal  damage  was  separation  of  lateral 
branches  from  the  main  stem.  As  the  snow  en- 
casing the  foliage  of  lower  branches  settles  in 
the  spring,  it  pulls  the  branches  downward. 
Damage  is  usually  limited  to  lower  whorls  of 
branches,  and  permanent  external  damage 
rarely  occurs  on  the  main  stem. 

Only  in  one  of  the  Alfred,  Maine,  plantings 
(2-1)  were  more  than  a  few  trees  damaged  by 
snow,  and  provenance  was  not  a  contributing 


factor.  Trees  from  below  latitude  40"N  had 
about  12  percent  damage,  trees  from  above 
latitude  45"N  had  about  10  percent,  and 
provenances  between  40'  and  45''N  sustained 
about  7.5  percent. 


Insects  and   Diseases 

The  major  disease  of  eastern  white  pine  is 
blister  rust  {Cronartium  ribicola  Fischer),  and 
programs  to  eradicate  the  alternate  host  in  the 
Northeast  have  been  successful  in  controlling 
the  disease  up  to  the  present  time.  No  rust 
was  observed  in  any  of  our  plantings  at  the 
time  of  remeasurements,  but  several  infected 
trees  were  found  at  Alfred,  Maine,  in  1970. 

No  recognized  symptoms  of  other  disea.ses 
occurred  on  any  of  the  trees.  There  were  occa- 
sional trees  with  noticeable  yellowing  or 
stunted  foliage  that  we  attributed  to  site  con- 
ditions, air  pollutants,  and  causes  other  than 
diseases. 

The  only  serious  insect  pest  on  white  pine  is 
the  white  ))ine  weevil  (Plssodes  strobi  Peck). 
Annual  spraying  of  terminal  shoots  with  Lin- 
dane in  those  plantations  growing  within  the 
natural  range  of  the  weevil  (Maine,  Vermont, 
New  York,  north  and  central  Pennsylvania) 
was  highly  successful  in  controlling  weevil 
damage.  Only  a  few  trees  that  did  not  receive 
the  complete  leader  drench  necessary  for  wee- 
vil control  were  damaged. 

Populations  of  this  insect  have  been  so  high 
in  recent  years  in  the  Northeast  that  most  of 
the  trees  would  have  sustained  major  leader 
damage,  and  height  comparisons  would  have 
been  virtually  impossible  without  chemical 
controls.  Plantation  2-1  at  Alfred,  Maine,  was 
not  sprayed  after  the  tenth  year,  and  all  27 
sources  had  more  than  70  percent  leader  kill 
within  2  years.  No  significant  correlations 
were  found  between  provenance  and  weeviling 
under  the.se  high  weevil  population  pressures 
(Garrett  1972). 

A  stem  bor(>r,  Eucosma  ^loriola  Henrich,  at- 
tacked lateral  branches  on  a  number  of  trees, 
but  caused  no  damage  to  main  stems.  There 
were  a  very  few  light  attacks  by  aphids  and 
what  appeared  to  be  damage  Iiy  other  un- 
known insects. 

A  few  leaders  were  broken  off  1)V  snow  or 


n 


perching  l)irds,  and  a  few  buds  were  removed 
by  birds  or  squirrels. 

Secondary   Flushing 

Lammas  growth  has  l)een  defined  by  Ru- 
dolph (1964)  as:  ".  .  .  terminal  shoot  elonga- 
tion characterized  l)y  one  or  more  periods  of 
growth  following  the  first  elongation  of  the 
terminal  shoot  earlier  in  the  season."  The  con- 
dition in  which  one  or  more  lateral  buds  at  the 
base  of  the  terminal  bud  break  dormancy  and 
add  another  flush  of  growth  at  the  end  of  the 
normal  .seasonal  growth  is  referred  to  as  pro- 
lepsis. 

Secondary  flushing  in  many  species  has 
been  ob.served  on  trees  of  .southern  origin 
grown  in  northern  latitudes.  Genys  (1963)  re- 
ported a  negative  correlation  of  lammas 
growth  for  both  latitude  and  height  for  2- 
year-old  white  pine  in  Maryland.  In  southern 
Michigan  (Wright  et  al.  1963)  and  in  south- 
ern Ontario  {Fowler  and  Hcimburger  1969), 
the  southern  provenances  produced  the  fewest 
lammas  shoots.  Significant  differences  were 
also  found  between  their  two  plantings  in  On- 
tario (28  and  11  percent),  suggesting  that  en- 
vironmental changes  over  a  short  di.stance  can 
also  be  important. 

We  had  expected  to  find  considerable  late- 
season  flushing  in  our  New  York,  Vermont, 
and  Maine  plantings;  but  only  the  southern 
Maine  location  has  more  than  a  few  trees  with 
this  type  of  growth.  Lammas  growth  occurred 
more  frequently  than  did  prolepsis,  but  there 
were  many  trees  with  both  types  of  .secondary 
flu.shing.The  number  of  trees  in  a  provenance 
with  late-sea.son  growth  varied  from  fewer 
than  4  to  more  than  30,  but  no  correlation  was 
found  between  provenance  latitude  and  lam- 
mas growth.  The  Lake  County,  Minnesota, 
source  (lat.  48"()0'N)  had  about  9  percent  of 
trees  with  .secondary  flushes;  the  Cass  County 
source  (lat.  47"30'N)  had  almost  31  percent; 
and  Pontiac  County,  Quebec  (lat.  47  30'N). 
was  lowest  with  slightly  more  than  3  percent. 
Tennessee  (lat.  36  OO'N)  ranked  second  with 
over  23  percent,  while  Virginia  (lat.  37  OO'N) 
was  ranked  near  the  bottom  with  5  percent. 

Secondary  flushing  was  not  recorded  for  the 
Kentucky  plantation;  it  was  recorded  at  age  7, 
l)uf   not   for  age   10  for  the  Ohio  test.  In  the 


Ohio  plantation,  secondary  flushing  was  posi- 
tively correlated  with  height  ir=  +.662*) 
and  negatively  correlated  with  provenance  lat- 
itude (r=      .602*). 

Cone   Production 

Very  few  cones  were  found  in  any  planta- 
tion at  the  end  of  the  tenth  growing  sea.son, 
although  some  female,  flowers  were  reported  at 
Standing  Stone,  Pennsylvania,  by  age  7.  In 
1966  cones  were  present  on  more  than  30  per- 
cent of  four  northern  .sources,  and  two  south- 
ern .sources  had  no  cones.  Male  strobili  did  not 
occur  until  5  years  after  the  first  female  flow- 
ers (Gcrhnld,  H.  D..  personal  communica- 
tion). 

Results  similar  to  those  in  Pennsylvania 
were  found  in  our  plantations  as  far  south  as 
West  Virginia,  where  not  a  single  tree  in  the 
six  sources  from  below  latitude  40"N  had  pro- 
duced a  mature  cone  at  age  10. 

While  we  have  not  had  a  lot  of  flowering  in 
our  plantations  yet,  there  is  good  evidence  of  a 
positive  correlation  between  latitude  of  prove- 
nance and  cone  production.  The  number  of 
cones  was  definitely  higher  on  northern  seed 
sources  than  on  southern  sources. 

Forks  and   Offsets 

Among  the  suspected  causes  of  stem  de- 
formities recorded  under  this  heading  were 
snow  damage,  terminal-bud  feeding  by  .squir- 
rels and  birds,  shoot  damage  by  weevils,  and 
possibly  frost  damage.  We  found  it  extremely 
difficult  to  assign  a  cause  to  stem  deformity 
that  occurred  in  past  seasons. 

Forks  and  offsets  on  main  stems  occurred 
on  a  few  trees  in  all  plantations,  but  such  de- 
formities were  not  related  to  provenance. 

SUMMARY 

The  results  obtained  from  these  plantings 
and  the  conclusions  reached  from  them  may 
be  summarized  as  follows: 

1.  Trees  from  .southern  Appalachian  sources 
(Georgia,  Tennessee.  North  Carolina), 
.southeastern  New  York,  eastern  Pennsyl- 
vania, and  southern  Ontario  should  be  fa- 
vored in  planting  programs  at  least  as  far 
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3. 


north  as  central  Pennsylvania  (lat. 
41'^00'N).  From  central  Pennsylvania  to 
southern  Maine  (lat.  44°00'N),  growth  of 
local  and  southern  sources  is  about  equal. 
Above  latitude  45''00'N,  the  southern  Ap- 
palachian sources  are  no  longer  superior, 
and  Pennsylvania,  New  York,  and  local 
sources  should  be  selected. 
Needle  length  is  greatest  in  the  southern 
sources.  Because  these  trees  have  fewer 
branches,  it  may  be  that  total  photosyn- 
thetic  surface  does  not  vary  greatly  by 
provenance;  however,  if  photosynthetic 
surface  is  greater  in  southern  sources,  it 
could  partially  explain  the  superior  growth 
of  these  sources. 

Most  individual  trees  have  the  typical  flat 
branching  habit,  but  fastigiate  types  not 
related  to  provenance  do  occur. 


4.  Frost  and  snow  damage  is  unimportant  as 
far  north  as  latitude  45''00'N.  More  work 
needs  to  be  done  on  the  effects  of  internal 
frost  damage,  but  it  does  not  appear  that 
this  will  be  correlated  with  provenance. 

5.  Diseases  were  not  an  important  factor  in 
these  northeastern  tests,  and  there  does 
not  appear  to  be  any  relationship  between 
weevil  damage  and  provenance. 

6.  The  relationship  of  secondary  flushing  to 
provenance  is  not  clear;  it  was  more  fre- 
quent on  southern  sources  in  Maryland, 
but  less  in  Michigan  and  Ontario.  Our  re- 
sults are  inconclusive. 

7.  Cone  production  was  correlated  with 
provenance.  Central  and  northern  prove- 
nances produced  more  cones  at  an  earlier 
age  than  southern  inovenances,  even  in 
southern  plantings. 
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Economic  Analysis 

of  the  Gypsy  Motli  Problem 

in  the  Northeast 

I.  Applied  to  Commercial 
Forest  Stands 


ABSTRACT 

A  method  of  calculating  immediate  and  future  losses  caused  by  the 
gypsy  moth  is  presented,  using  examples  of  pulpwood  and  sawtimber 
stands.  Discounting  of  future  losses  to  evaluate  their  cost  in  terms  of 
current  expenditure  is  explained.  The  effect  of  infestation  on  forest 
management  is  discussed  and  a  format  is  given  for  considering  control 
decisions. 


INTRODUCTION 


J]  CONOMIC  EVALUATIONS  are  prereq- 
uisite to  sound  forest  insect  manage- 
ment decisions.  In  the  past,  many  insect  con- 
trol decisions  have  been  made  without  suffi- 
cient economic  analysis.  The  value  of  insect 
suppression  may  be  reflected  in  the  form  of 
dollars,  job  opportunities,  aesthetics,  or  other 
benefits.  This  paper  presents  an  approach  that 
the  authors  employed  in  evaluating  timber 
product  loss  from  gypsy  moth  defoliation. 

The  model  provides  a  vehicle  for  evaluating 
local  opportunities  for  gypsy  moth  control 
using  appropriate  economic  inputs  e.g.,  treat- 
ment costs,  return  values  and  discount  rates. 
Case  studies  showing  the  application  of  the 
method  in  pulpwood  and  sawtimber  stands  are 
presented.  We  also  explain  how  uncontrolled 
gypsy  moth  infestation  can  limit  timber  man- 
agement decisions. 


METHODOLOGY 


Estimation  of  stand  value  loss  requires  the 
following  basic  data:  time  dimension,  extent  of 
damage,  and  stand  value.  The  time  dimension 
establishes  whether  the  losses  we  are  dealing 
with  are  immediate  or  in  the  future.  Immediate 
losses  are  evaluated  by  direct  calculations  using 
today's  costs  and  values  on  existing  merchant- 
able timber.  To  calculate  future  losses  we  re- 
quire information  or  assumptions  about  future 
growth  rates,  timber  products,  timber  values, 
interest  rates,  and  recurring  defoliation. 

Many  times  the  most  difficult  part  of  an 
economic  analysis  is  obtaining  estimates  of  the 
extent  of  the  damage.  In  many  instances  these 
estimates  are  divided  into  general  categories. 


For  example,  a  certain  insect  may  kill  a  speci- 
fied percentage  of  white  oak  trees,  but  only 
the  low  vigor  white  oak  trees  may  be  killed. 
The  best  estimates  of  value  are  obtained  when 
the  damage  estimates  are  as  specific  as  possi- 
ble about  the  nature  of  the  damage  and  the 
kinds  of  trees  involved. 

Forest  stands  are  valued  for  many  reasons. 
Some  areas  are  important  for  timber  produc- 
tion, other  areas  are  valued  for  wildlife  or  sce- 
nic beauty,  while  still  other  areas  have  recrea- 
tion values.  Any  of  these  values  could  be  used 
in  an  economic  analysis  if  the  value  is  quanti- 
fiable. To  estimate  stand  value  loss  we  must 
be  able  to  define  and  quantify  the  value  that 
may  be  lost  and  determine  how  the  lost  value 
affects  the  residual  value  both  now  and  pro- 
spectively. 

The  possibility  exists  that  part  of  the  value 
of  trees  lost  will  be  compensated  for  by  in- 
creased growth  of  the  remaining  trees.  This 
factor  has  been  ignored  in  the  following  exam- 
ples. We  also  ignore  retardation  of  growth  in 
trees  not  killed  by  defoliation. 

Immediate  stand  value  loss  for  timber  prod- 
ucts is  calculated  as  follows:  Value  loss  for 
each  class  of  trees  (the  same  species,  diame- 
ter, merchantable  height,  and  quality)  equals 
the  mortality  rate  for  that  class  times  its  total 
value.  Total  stand  value  loss  is  the  sum  of  the 
losses  in  each  class. 

Some  of  the  value  loss  may  be  recovered  if 
the  trees  lost  are  merchantable  and  may  be 
marketed  immediately.  The  merchantability 
and  market  conditions  for  dead  trees  vary  by 
locality,  therefore  for  simplicity  we  have  not 
included  this  value  in  our  examples. 

For  the  future  loss  calculations,  the  number 
of  years  until  harvest  must  be  estimated.  The 
harvest  age  may  be  derived  from  tree  growth 
rates  and  merchantability  standards.  Esti- 
mates for  the  value  of  the  harvest  and  the  per- 


rontage  loss  are  required.  The  basic  formula 
lor  (he  future  stand  value  loss  is  as  follows: 

l<\)rinula  1.  Future    stand    value   loss   in 
terms  of  current  dollar  values. 

Expected  value  loss  =  harvest  value  X 

mortality  rate. 

Discount  expected  value  loss  to  obtain  a 
measure  of  the  amount  of  money  which, 
if  invested  now  at  the  specified  rate  of  com- 
pound interest,  would  equal  the  expected 
loss  when  the  stand  reaches  harvest  age. 

Value  loss  in  current  dollars 

expected  loss 
=  (1  +  i)" 

where:   i  =  interest  rate 

n  =  number  of  years  until  harvest 

Most  stands  are  too  large  for  us  to  have  in- 
formation on  every  tree,  therefore  sample  in- 
formation that  is  representative  of  the  whole 
stand  must  be  taken.  The  sample  information 
should  be  averaged  and  then  multiplied  by  the 
proper  sample-to-stand  ratio  to  arrive  at  total 
stand  value  loss. 

Case  Study  I  -  Calculating  Immediate 
Loss  in  a  Pulpwood  Stand 

Our  first  case  study  examines  a  pulpwood- 
size  stand  to  determine  the  loss  that  would  be 
caused  by  one  year  of  heavy  gypsy  moth  de- 
foliation. Campbell  and  Valentine  (1)  have 
developed  estimates  of  tree  mortality  based  on 
defoliation  histories  and  tree  characteristics. 
We  used  the  percentage  tree  mortality  expected 
over  a  three  year  period  (N+3)  after  one 
year  of  heavy  defoliation  (H).  This  percen- 
tage is  most  likely  to  include  all  the  tree  mor- 
tality that  will  result  from  one  heavy  defolia- 
tion. 

Individual  tree  data  were  taken  from  26 
1/10-acre  fixed  plots.  The  tree  data  were  sum- 
marized and  averaged  by  plot  (table  1).  Data 
required  to  use  the  mortality  tables  included 
tree  species,  dominance  class  (dominant,  in- 
termediate, or  suppressed),  diameter  class, 
and  crown  condition  (good,  fair,  or  poor). 

The  immediate  loss  is  calculated  by  multi- 
plying the  total  pulpwood  volume,  as  deter- 


mined from  volume  estimates,  times  $2.50  per 
cord,'  times  mortality  rate,  as  determined 
from  Campbell  and  Valentine.  The  average  of 
the  immediate  loss  values  (table  1)— $4.65— is 
the  loss  per  acre  that  may  be  expected  by  the 
third  year  after  one  year  of  heavy  gypsy  moth 
defoliation. 

Case  Study  II  -  Calculating  Future 
Loss  in  a  Pulpwood  Stand 

For  the  future  pulpwood  loss  we  must  esti- 
mate the  harvest  tree  size  and  the  number  of 
years  needed  to  reach  that  tree  size  in  addi- 
tion to  the  data  collected  for  the  immediate 
loss.  We  used  12  inches  d.b.h.  as  harvest  size 
for  the  pulpwood  trees.  Increment  cores  for 
establishing  the  average  growth  rate  were  ob- 
tained from  sample  trees.  The  number  of  years 
needed  to  reach  harvest  size  is  determined  by 
multiplying  the  expected  harvest  tree  size  (in 
inches  d.b.h.)  times  the  number  of  years 
needed  to  grow  one  inch  in  diameter.  For  our 
case  the  calculations  were  completed  as  fol- 
lows: 

Average  number  of  annual  rings  in  1  in. 
radial  growth:  18.3 

Average  number  of  years  to  grow  1  in.  in  di- 
ameter: 9.15 

Assume  the  average  tree  size  at  maturity  to 

be  12.0  inches  .*.  12.0  x  9.15  ~  110  years 
for  harvest 

Present  age  of  stand:  60  years 

Years  remaining  to  maturity:  50 

The  value  at  maturity  requires  an  estimate 
of  the  average  merchantable  volume  at  matu- 
rity. For  simplicity,  we  will  assume  the  pulp- 
wood values  to  be  constant  over  time.  The  ma- 
turity value  is  then  multiplied  by  the  percen- 
tage of  volume  lost  to  obtain  the  value  of  the 
loss.  This  loss  value  should  be  discounted  to 
arrive  at  a  figure  in  terms  of  today's  dollars,  as 
shown  below. 
Average  merchantable  volume  at  maturity: 

Average  d.b.h.  =  12.0  inches 

Average  merchantable  height  at  maturity 
=  32  feet 


^Pulpwood  values  based  on  $2.50  per  cord  and  90 
cubic  feet  per  cord  were  used  for  value  estimates. 


Plot 


Table  I . — Pulpwood  value  loss 


Number  of 

trees 

per  plot 

(1/10  acre) 


Lverage 

Pulpwood 

tree 

value 

d.b.h. 

per  acre 

Mortality" 
loss 


Immediate 

value 

loss  per 

acre 


Average 


Number 


30 


Inches 


Dollars 


6.7 


42.64 


Percent 


10.9 


Dollars 


1 

48 

5.7 

36.80 

7.6 

2.80 

2 

33 

6.7 

43.26 

9.0 

3.89 

3 

19 

6.9 

23.50 

9.0 

2.12 

4 

40 

5.9 

32.86 

12.0 

3.94 

5 

38 

6.3 

44.96 

13.0 

5.84 

6 

31 

6.7 

40.40 

9.0 

3.64 

7 

24 

7.4 

43.76 

10.0 

4.38 

8 

22 

7.5 

44.46 

7.0 

3.11 

9 

23 

6.7 

32.36 

13.0 

4.21 

10 

20 

6.6 

28.80 

10.0 

2.88 

11 

20 

7.5 

40.70 

8.0 

3.26 

12 

26 

7.6 

59.36 

8.0 

4.75 

13 

22 

7.2 

54.10 

4.0 

2.16 

14 

32 

5.9 

30.80 

8.0 

2.46 

15 

48 

6.0 

44.80 

18.0 

8.06 

16 

59 

5.4 

36.60 

16.0 

5.86 

17 

47 

5.7 

35.80 

18.0 

6.44 

18 

23 

7.4 

43.30 

11.0 

4.76 

19 

41 

6.4 

49.70 

17.0 

8.45 

20 

30 

6.8 

46.80 

8.0 

3.74 

21 

20 

6.7 

34.56 

13.0 

4.49 

22 

25 

7.0 

40.10 

8.0 

3.21 

23 

21 

7.8 

41.70 

16.0 

6.67 

24 

21 

8.0 

46.96 

10.0 

4.70 

25 

24 

9.0 

63.46 

8.0 

5.08 

26 

25 

9.2 

68.96 

15.0 

10.34 

4.65 


"Pulp  values  calculated  at  $2.50  per  cord  and  90  cu.  ft.  per  cord. 
"Mortality  rates  adapted  from  Tree  Condition  and  Mortality  Following  Defolia- 
tion by  the  Gypsy  Moth  by  Robert  W.  Campbell  and  Harry  T.  Valentine. 


Average  merchantable  volume  from  Schnur's 

(7)  volume  tables  ~  12  cu.  ft. /tree 

Average  number  trees  per  plot  =  30 

Average  number  trees  per  acre  =  300 

Average  merchantable  volume  at  maturity: 

300  trees  x  12  cu.  ft./tree  =  3,600  cu.  ft. 

3,600  cu.  ft. 

—   40  c(] 

90cu.ft./cd.    ~      ^^'^■ 

Value  at  maturity: 

40  cd.  X  $2.50/cd.  =  $100.00 

Value  loss  due  to  gypsy  moth: 

Expected  mortality  rate  due  to  one  heavy 

defohation  =  .109 

$100.00  X  .109  =  $10.90  per  acre 

expected  loss 

Discounted  value :      — r- — rr 

(l+i)" 

Discounting  period  (n)  =  50  years 
Interest  rate  (i)  =  5  percent 
$10.90 
II  4gY4      =  $0.95  per  acre. 


Thus,  for  this  particular  example,  $0.95  per 
acre  is  the  amount  that  could  prudently  be 
spent  on  control  measures  if  it  eliminated  all 
the  expected  mortality.  It  would  give  the  same 
rate  of  return  as  putting  the  money  in  a  bank 
at  5  percent  compound  interest. 

If  we  knew  the  amount  some  control  meas- 
ure would  cost  per  acre,  and  its  effectiveness, 
we  could  determine  what  the  rate  of  return 
would  be  if  the  control  methods  were  applied. 
For  instance,  in  this  example,  if  the  control 
method  cost  $10.90  per  acre  and  were  100  per- 
cent effective,  the  rate  of  return  would  be  zero. 
If  $2.00  per  acre  were  the  cost  of  control,  the 
rate  of  return  would  be  determined  as  follows: 


$10.90 
$2.00 


5.4500 


Looking  up  5.4500  in  compound  interest  ta- 
bles for  50  years,  we  find  the  rate  of  return 
very  close  to  3.45  percent. 


Case  Study  III  -  Calculating  Immediate 
Loss  in  a  Sawtimber  Stand 

The  immediate  sawtimber  losses  were  calcu- 
lated in  the  same  general  way  as  immediate 
pulpwood  losses,  but  the  details  of  the  calcula- 
tion are  different.  To  obtain  a  value  estimate, 
we  must  estimate  the  quahty  of  lumber  that 
may  be  sa^sTi  from  each  tree.  This  may  be 
done  by  using  log  grading  techniques  (6).  For 
our  sawtimber  examples,  immediate  and  fu- 
ture, we  used  sawlog  values  developed  by  J.  J. 
Mendel.-  His  sawlog  values  were  calculated 
by  subtracting  from  the  estimated  standing 
tree  values  for  grade  lumber  all  direct  costs  of 
converting  the  tree  into  limaber.  For  some 
trees  the  conversion  cost  was  higher  than  the 
standing  tree  value,  which  resulted  in  some 
negative  sawtimber  values. 

The  immediate  sawtimber  value  loss  per 
sample  plot  in  this  case  is  S15.0S.  As  these 
sample  plots  are  1/5  acre,  this  value  multiplied 
by  five  represents  the  immediate  loss  p>er  acre 
that  may  be  expected  from  one  year  of  hea\y 
g^-psy  moth  infestation  (SI 5.08  x  5  =  S 75.40) 
(table  2). 


Case  Study  IV  -  Calculating  Future 
Loss  in  a  Sawtimber  Stand 

Prediction  of  har%est  value  for  a  sawtimber 
stand  requires  consideration  of  volume,  qual- 
ity, and  future  value.  Projecting  sawtimber 
quality  into  the  future  is  hazardous,  but  a  re- 
cent study  by  McCay  and  DeBald  (5)  devel- 
oped a  method  for  projecting  quahty  changes 
by  using  probabihties.  The  probabihties  were 
based  on  the  changes  that  had  occurred  in  a 
sample  area  over  the  last  10  years  (fig.  1) . 

Three  projections  were  made— high,  ex- 
pected, and  low.  The  high  projections  repre- 
sent what  the  trees  would  be  at  harvest  if  all 
of  them  developed  as  did  the  upper  10  percent 
in  the  frequency  distributions.  The  low  projec- 
tions use  the  lowest  10  percent.  The  expected 
projections  used  the  median  of  the  probabiUty 
distributions. 

Each  tree  in  the  sample  plots  was  evaluated 
according  to  the  following  example: 

Present  Characteristics 

"^Miite  oak 

Diameter  breast  high    —   14.6  inches 
Merchantable  height    —  32      feet 
Butt  log  grade  —     3 


■Joseph  J.  Mendel.  Unpublished. 


Table  2. — Sawtimber  plot  information 


Trees 

Average 

Sawtimber 

Expected 

Sawiimber 

Plot 

per  plot 

tree 

value 

mortalitv 

value  change 

(1   5  acre  1 

d.b.h. 

per  acre' 

loss' 

per  acre' 

Su  ruber 

Inches 

Dollars 

Percent 

Dollars 

1 

16 

14.9 

835.00 

34.6 

-288.90 

2 

12 

13.4 

10.50 

33.8 

—     3.55 

3 

22 

13.1 

550.65 

25.7 

-141.50 

4 

8 

14.4 

-10.05 

9.0 

-       .90 

5 

13 

11.4 

144.50 

26.0 

—  37.55 

6 

15 

13.8 

453.75 

19.5 

-  88.50 

7 

17 

18.7 

387.80 

29.3 

-113.65 

8 

16 

ia4 

214.40 

13.1 

-  28.10 

9 

17 

13.1 

283.30 

39.5 

-111.90 

10 

21 

10.8 

115.90 

23.9 

-  27.70 

11 

28 

9.7 

-43.a5 

25.1 

-   11.00 

Average 

17 

13.3 

267.44 

28.0 

-   75.40 

'Sawtimber  values  from  J.  -J.  MendeFs  unpublished  data.  Columbus.  Ohio.  Nega- 
tive value  is  due  to  conversion  cost's  being  higher  than  value  returned. 

'Mortality-  losses  adapted  from  Tree  Condition  and  Mortality  Follouing  Defolia- 
tion by  the  Gypsy  Moth  by  Robert  W.  Campbell  and  Harr>-  T.  Valentine. 

Two  plots  increased  in  value  due  to  losing  trees  that  had  negative  values. 


Figure   I. — Probabill+y  of  changes  In  sawtinnber  tree  character- 
istics. 
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From  figure  1  the  low  projection  would 
have  no  change  in  d.b.h.,  no  change  in  height, 
and  no  change  in  quality.  The  high  projection 
would  increase  d.b.h.  by  2.5  inches,  increase 
height  by  8  feet,  and  increase  quality  by  1 
class.  The  projections  for  this  tree  could  be 
summarized  as  follows: 


Present  Characteristics 

D.b.h.        Height 

(inches)       (feet)       B.l.g. 

Low 

14.6             32             3 

Expected 

16.1             32             3 

High 

17.1             40             2 

Once  the  projected  tree  characteristics  were 
determined  tree  values  were  applied  and  mul- 
tiplied by  the  expected  mortality  (values  were 
held  constant  for  the  entire  time  frame).  The 
result  is  the  loss  that  might  be  caused  by  the 
gypsy  moth.  The  plot  values  were  summed, 
averaged,  and  converted  to  a  per-acre  basis 
(table  3).  The  per-acre  values  were  discounted 
to  determine  the  value  loss  in  terms  of  today's 
dollars  (table  4).  The  discounting  period  was 
10  years  because  this  stand  would  reach  matu- 
rity in  that  time. 


Table  3. — Future  sawtlmber  loss  per  acre 


Projection 


Value  before 
gypsy  moth 


Value  after 
gypsy  moth 


Dollar  loss  due 
to  gypsy  moth 


Low 

Expected 

High 


$294.15 
399.60 
652.60 


$218.75 
284.50 
457.55 


$  75.40 
115.10 
195.05 


Table 

4.- 

— Future  sawtlmber 

losses  per  acre, 

dl: 

scounted 

over 

10 

years 

Projection 

Discovmt 

ing 

rate 

3% 

5% 

7% 

Low 

Expected 
High 


75.40 
1.34392 

115.10 
1.34392 

195.05 
1.34392 


$  56.10 
$  85.64 
$145.14 


75.40 
1.62889 

115.10 
1.62889 

195.05 
1.62889 


$  46.29 
$  70.66 
$119.74 


75.40 
1.96715 

115.10 
1.96715 

195.05 
1.96715 


$  38.33 
$  58.51 
$  99.15 


Impact  of  Gypsy  Moth  on 
Forest  Management  Opportunities 

As  mentioned  earlier,  a  forest  may  suffer 
losses  in  one  or  more  forms.  One  form  of  loss  is 
the  restriction  of  forest  management  alterna- 
tives. 

Forest  management  altrnatives  are  the 
choices  of  techniques  by  which  young  stands 
are  manipulated  to  produce  mature  stands 
ready  for  harvest.  As  a  stand  grows  toward 
maturity  various  timber  management  alterna- 
tives are  available  to  the  forest  manager.  The 
choice  depends  on  the  stand  characteristics  at 
a  given  time.  One  guide  for  timber  manage- 
ment decisions  developed  by  Gingrich  (4)  is 
based  on  stocking  percentage.  He  classifies  the 
stocking  level  as  follows:  below  understocked 
=  less  than  42  percent  stocked;  understocked 
=  42  percent  to  58  percent  stocked;  fully 
stocked  —  58  percent  to  100  percent  stocked; 
and  overstocked  —  more  than  100  percent 
stocked. 

After  one  year  of  heavy  gypsy  moth  defolia- 
tion, the  stocking  level  remained  in  the  same 
class  for  77  percent  of  the  pulpwood  plots 
(table  5).  Twenty-two  of  the  26  plots  were  in 
the  class  that  fully  utilized  the  site.  Therefore, 


Table  5. — Pulpwood  management  loss 


Stocking  percentage 

Plot 

Before 

After 

gypsy  moth 

gypsy  moth 

1 

97 

74 

2 

88 

81 

3 

51 

47 

4 

86 

76 

5 

98 

85 

6 

80 

73 

7 

72 

66 

8 

75 

69 

9 

62 

55 

10 

55 

48 

11 

68 

62 

12 

98 

91 

13 

80 

75 

14 

70 

62 

15 

108 

88 

16 

108 

93 

17 

102 

85 

18 

88 

73 

19 

110 

92 

20 

88 

82 

21 

61 

54 

22 

75 

62 

23 

73 

61 

24 

77 

70 

25 

98 

92 

26 

112 

95 

Average 

84 

74 

we  could  still  manage  the  area  for  timber  pro- 
duction without  destroying  the  existing  stand 
and  starting  a  new  one.  Our  loss  is  the  value  of 
merchantable  pulpwood  from  any  proposed 
thinning  operation.  The  value  of  the  pulpwood 
loss  has  been  discussed  earlier  and  manage- 
ment flexibility  is  not  an  issue. 

Examination  of  the  sawtimber-size  stands 
reveals  that  four  of  eleven  plots  drop  from  un- 
derstocked or  better  to  below  understocked 
after  one  year  of  heavy  gypsy  moth  defoliation 
(table  6).  (One  plot  is  below  understocked  be- 


Table  6. — Sawtimber  management  loss 
Stocking  percentage 


Plot 

Before 

After 

gypsy  moth 

gypsy  moth 

1 

82 

48 

2 

57 

35 

3 

88 

40 

4 

40 

25 

5 

42 

30 

6 

68 

46 

7 

120 

82 

8 

69 

50 

9 

71 

48 

10 

62 

38 

11 

68 

48 

Average 

70 

45 

fore  defoliation.)  The  management  recommen- 
dation for  areas  below  the  understocked  level 
is  to  clearcut  and  regenerate  a  new  stand.  Be- 
fore this  is  done,  we  should  consider  other  fac- 
tors such  as  location  of  understocked  plots, 
market  conditions,  condition  of  remaining  tim- 
ber, value  of  stand  as  wildlife  habitat,  etc. 

The  average  plot  information  indicates  that 
on  the  other  plots  the  stocking  level  drops 
from  full}^  stocked  to  understocked  after  the 
defoliation.  Assuming  no  subsequent  defolia- 
tions, these  stands  should  reach  fully  stocked 
in  10  years.  Therefore,  the  gypsy  moth  has 
performed  a  thinning  operation  at  a  cost  equal 
to  the  value  of  the  trees  that  might  have  been 
marketed.  The  procedure  for  estimating  the 
value  of  this  loss  has  been  discussed  earlier. 


DISCUSSION 

Because  the  forests  are  used  for  many 
things,  we  must  consider  more  than  wood  pro- 
duction when  trying  to  establish  the  value  loss 
caused  by  the  gypsy  moth.  The  importance  of 
the  other  uses  will  vary  with  the  individual 
forest,  the  type  of  damage  and  control  meas- 
ures, and  the  people  setting  priorities  for  the 
forest.  A  format  for  listing  and  evaluating  for- 
est uses  and  alternative  control  measures  has 
been  developed  (table  7).  More  items  of  con- 
cern and  new  control  measures  may  be  added 
to  assure  a  complete  evaluation  for  a  local  for- 
est. 

The  following  abbreviated  example  indi- 
cates how  the  table  may  be  interpreted.  (The 
values  used  are  hypothetical.) 


Do  nothing 

A 

Probability 

of  success 

5% 

98% 

Cost 

$0 

$8/acre 

Air  quality 

No  effect 

Effect 

Water 

quality 

No  effect 

Effect 

Soil 

No  effect 

Effect 

Resource 

values 

Lose  $80/acre 

Lose  $2/acre 

Federal 

— 

Banned 

Control  measure  A  was  the  application  of 
DDT  and  if  we  ignored  the  federal  ban  and 
were  willing  to  accept  any  consequences  to  the 
soil  and  water,  then  DDT  is  a  feasible  alterna- 
tive when  compared  to  the  do-nothing  alterna- 
tive. But  DDT  is  banned,  which  eliminates  it 
from  consideration,  and  the  do-nothing  alter- 
native may  then  be  compared  with  other  alter- 
native control  measures. 


SUMMARY 

Basic  information  required  for  an  economic 
evaluation  of  the  effect  of  defoliation  on  trees 
is  time  frame,  damage  caused,  and  values. 
Time  frame  establishes  whether  we  are  dealing 
with  the  present  or  the  future.  Direct  calcula- 
tions can  be  made  for  the  present;  calculations 
for  the  future  require  some  predictions  about 


Table  7. — Format  for  evaluating  the  impact  of  alternative  gypsy  moth 
control  measures 


Item  of  concern 


Do 

Nothing 


Alternative  control  measures 


B 


D 


E 


1.  Program  factors 

Prob.  of  success 
Cost 

2.  Environmental  factors 

Air  quality 

Water  quality 

SoU 

Temp.  &  humidity 

Noise 

Flora  &  fauna 

3.  Socio-Economic  factors 

Resource  values 

Access 

Ethnic  &  cultural  values 

Ownership  responsibility 

Management  alternatives 

4.  Political 

Local 
State 
Federal 


changes  that  may  occur  during  the  time  before 
harvest.  These  changes  involve  growth  rates, 
quahty  measures,  interest  rates,  price  varia- 
tions, mortality  estimates,  etc. 

The  damage  caused  by  the  defoliation  de- 
termines how  great  any  loss  will  be.  Some 
trees  are  lost  because  of  one  heavy  defoliation. 

Applying  economics  to  a  problem  requires 
some  measure  of  value.  Trees  have  many  val- 
ues to  various  people;  these  values  must  be  de- 
fined and  measured  before  they  can  be  used. 

These  principles  were  applied  to  a  pulpwood 
and  a  sawtimber  stand  subjected  to  one  year 
of  heavy  gypsy  moth  infestation.  For  these  ex- 
amples, the  final  loss  values  represent  what  a 


prudent  owner  could  spend  to  protect  his  for- 
ested area  from  one  heavy  gypsy  moth  defolia- 
tion. All  the  dollar  values  presented  in  our 
sample  calculations  are  not  recommended  for 
other  forested  areas;  conditions,  markets, 
prices,  and  objectives  may  be  different.  We 
suggest  that  you  use  proper  methods  to  arrive 
at  values  for  your  area. 

Another  factor  for  consideration  is  the  ef- 
fect of  defoliation  on  forest  management  alter- 
natives. Our  example  was  based  on  stocking 
percentage.  The  sample  analysis  indicates  no 
change  in  alternatives  for  the  pulpwood  stand. 
The  sawtimber  stand  changes  from  fully 
stocked  before  defoliation  to  understocked 
after  defoliation. 
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Caution  about  Pesticides 

This  publication  reports  research  involving  pest- 
icides. It  does  not  contain  recommendations  for  their 
use,  nor  does  it  imply  that  the  uses  discussed  here 
have  been  registered.  All  uses  of  pesticides  must  be 
registered  by  appropriate  State  and/or  Federal 
agencies  before  they  can  be  recommended. 


CAUTION:  Pesticides  can  be  injurious  to  humans, 
domestic  animals,  desirable  plants,  and  fish  or  other 
wildlife — if  they  are  not  handled  or  applied  prop- 
erly. Use  all  pesticides  selectively  and  carefully. 
Follow  recommended  practices  for  the  disposal  of 
surplus  pesticides  and  pesticide  containers. 


THE  FOREST  SERVICE  of  the  U.  S.  Depart- 
ment of  Agriculture  is  dedicated  to  the  principle  of 
multiple  use  management  of  the  Nation's  forest  re- 
sources for  sustained  yields  of  wood,  water,  forage, 
wildlife,  and  recreation.  Through  forestry  research, 
cooperation  with  the  States  and  private  forest 
owners,  and  management  of  the  National  Forests 
and  National  Grasslands,  it  strives  —  as  directed 
by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 
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Chemical  Properties 

and  Particle-Size  Distribution 

of  39  SURFACE-MINE  SPOILS 

in  Southern  West  Virginia 


ABSTRACT 

A  survey  of  39  surface-mine  sites  in  southern  West  Virginia  showed 
that  most  of  the  spoils  from  current  mining  operations  had  a  pH  of  5.0 
or  higher.  Soil-size  material  averaged  37  percent  of  the  weight  of  the 
spoils  sampled.  A  major  problem  for  the  establishment  of  vegetation 
was  a  deficiency  of  nitrogen  and  phosphorus.  This  can  be  corrected 
with  additions  of  fertilizer  at  appropriate  rates. 


X  HE  CHEMICAL  COMPOSITION  of  the 
geologic  materials  blended  together  in 
surface-mine  spoils  affects  vegetation  estab- 
lishment and  growth.  It  may  also  alter  the 
chemistry  of  surface  and  subsurface  waters 
flowing  from  disturbed  areas.  Success  of  re- 
vegetation  and  water  quality  may  also  be  influ- 
enced by  the  particle-size  distribution  of  the 
spoil  material. 

An  examination  of  spoils  associated  with 
some  of  the  more  important  southern  West 
Virginia  coal  seams  permits  an  assessment  of 
the  opportunities  for  successful  vegetation  es- 
tablishment  and    the   probability   of   surface 


mining  affecting  the  chemistry  of  associated 
streams. 

It  is  assumed  that  wide  variation  does  exist 
among  spoil  materials.  The  West  Virginia 
Geologic  and  Economic  Survey  has  identified 
62  minable  coal  beds  within  the  state.  These 
are  distributed  through  a  stratigraphic  column 
that  may  be  as  much  as  6,750  feet  thick.  In  all 
probability,  there  were  wide  variations  in  the 
paleo-environment  when  each  of  these  coal 
seams  was  laid  down.  Even  greater  environ- 
mental variations  could  have  occurred  as  the 
various  rock  strata  above  the  coal  seam  were 
formed.  Therefore,  when  these  widely  differing 


geologic  materials  are  disturbed,  mixed,  and 
exposed  by  mining  to  weathering  processes,  we 
can  expect  variations  in  the  chemical  composi- 
tion and  particle-size  distribution  of  spoil  ma- 
terial from  different  coal  seams. 

In  this  study,  we  collected  sample  material 
from  39  locations  in  the  southern  West  Vir- 
ginia coal  field.  These  were  analyzed  in  a  labo- 
ratory and  greenhouse  to  identify  properties 
that  may  affect  establishment  of  vegetation. 


THE  STUDY 

In  cooperation  with  the  West  Virginia  De- 
partment of  Natural  Resources,  the  West  Vir- 
ginia Surface  Mining  and  Reclamation  Asso- 
ciation, and  others,  we  selected  10  coal  seams 
for  study  (fig.  1).  All  are  believed  to  have  ex- 
tensive acreage  of  disturbance  and  large  re- 
serves that  could  be  recovered  by  surface  min- 
ing methods.  The  Peerless  and  No.  2  Gas 
seams  were  considered  as  one  seam  because 
the  interval  between  them  is  small,  and  the 
spoils  often  mix. 

The  sample  included  coal  seams  from  the 
base  of  the  Pennsylvanian  period  through  the 


Figure  I. — S+ratigraphic  section,  showing  rela- 
tive positions  of  coal  seams  sampled. 


Table  I . — Original  reserves  of  coal  seams 
selected  for  study 




NO   5  BLOCK 

(LOWER  KITTANNING) 

COALBURG 

WINIFREDE 

KANAW 

HA 

GROU 

j  PEERLESS  ■  NO   2  GAS 

EAGLE  (MIDDLE  WAR  EAGLE) 
LITTLE  EAGLE 

POTTSVILLE 

SERIES 

NEWRIV 
GROU 

ER 

SEWELL  (DAVY) 

BECKLEY 

POCAHONT 
GROU 

AS 

P 

POCAHONTAS  NO    6 
POCAHONTAS  NO   3 

Coal  seam 

Original  reserves 

Million  tons 

No.  5  Block 

10.3 

Coalburg 

3.4 

Winifrede 

3.5 

Peerless  and  No.  2  Gas 

9.9 

Eagle 

4.2 

Little  Eagle 

.9 

Sewell 

6.3 

Becklev 

2.0 

Pocahontas  No.  6 

.9 

Pocahontas  No.  3 

2.9 

Total 

44.3 

entire  Pottsville  series  to  the  No.  5  Block  or 
Lower  Kittanning  coal  bed  at  the  base  of  the 
Allegheny  series  (table  1).  Forty-four  coal 
seams  are  recognized  within  this  geologic  sec- 
tion. The  original  reserves  for  these  beds  were 
estimated  to  be  79.5  billion  tons.^  More  than 
50  percent  of  this  total  is  accounted  for  in  re- 
serves in  the  coal  seams  selected  for  this 
study. 

Field  Sampling 

Four  sample  locations,  widely  separated 
geographically,  were  selected  for  all  coal  seams 
except  the  combined  Peerless  and  No.  2  Gas, 
for  which  three  locations  were  used.  The  spoil 
at  each  location  was  6  months  or  less  in  age, 
regraded  but  not  seeded  or  fertilized,  and 
mined  by  a  different  operator.  Sampling  began 
in  the  fall  of  1969  and  was  completed  in  No- 
vember 1970. 

At  each  location  we  selected  a  sampling 
point  that  appeared  to  be  representative  of 
most  of  the  spoil.  This  decision  was  based  on 
surface  characteristics  such  as  color,  the  pro- 
portion of  sandstone  and  shale,  and  the  size  of 
the  rock  fragments. 

All  samples  were  collected  along  a  100-foot 
base  line  located  on  the  outside  edge  of  the 
bench  at  the  crest  of  the  outslope.  The  follow- 
ing samples  were  collected  from  the  surface  6 
inches  at  points  evenly  spaced  along  this  base 
line: 


'Tucker,  R.  C.  Bituminous  coal  beds  in  West 
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1.  Ten  samples  weighing  1  pound  each.  Rock 
fragments  larger  than  V^  inch  were  re- 
moved from  this  material. 

2.  Three  samples  weighing  5  pounds  each. 
These  samples  included  rock  fragments 
weighing  a  pound  or  less  as  they  occurred 
on  the  spoil  surface.  We  did  not  attempt  to 
measure  the  percentage  of  the  total  spoil 
volume  or  weight  of  rock  fragments  heavier 
than  a  pound. 

3.  Approximately  60  pounds  of  material  from 
one  point  at  25  of  the  locations.  This  mate- 
rial, passed  through  a  screen  with  a  V^- 
inch  mesh,  was  used  for  the  greenhouse 
tests.  These  collections  were  made  at  three 
locations  on  the  Pocahontas  No.  3,  Poca- 
hontas No.  6,  Beckley,  Winifrede,  and 
Coalburg  coal  seams;  and  at  two  locations 
on  the  Little  Eagle,  No.  5  Block,  Sewell, 
Eagle  and  Peerless— No.  2  Gas  coal  seams. 

Laboratory  Procedures 

We  determined  pH  and  available  phospho- 
rus for  each  of  the  ten  1 -pound  samples.  Avail- 
able phosphorus  was  determind  with  the 
Bray  No.  1  extractant  solution.  The  pH  was 
determined  with  a  pH  meter  on  a  1:2  mixture 
of  spoil  and  distilled  water. 

Material  from  the  three  5-pound  samples 
was  screened  to  obtain  the  percentage  by 
weight  of  various  sizes  of  rock  and  soil.  This 
material  was  air-dried,  then  sieved  through 
screens  with  %-inch,  i/^-inch,  i/4-inch,  and 
2  mm.  mesh.  Chemical  analyses  of  the  mate- 
rial passing  the  2  mm.  mesh  were  made  to  de- 
termine exchangeable  acidity,  exchangeable 
aluminum,  and  exchangeable  hydrogen.  The 
titration  method  developed  by  Yuan-  was 
used  for  these  determinations. 

Laboratory  analyses  showed  that  the  spoil 
collected  for  greenhouse  use  was  chemically 
and  physically  similar  to  the  1-  and  5-pound 
samples  of  spoil. 

Greentiouse  Tests 

The  relative  productivity  of  the  spoils  col- 
lected from  the  25  locations  was  compared  by 
growing    Kentucky-31    tall    fescue    (Festuca 
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arundinacea )  and  sericea  lespedeza  (Lespe- 
deza  cuneata)  in  pots  of  the  spoil  in  the  green- 
house. The  following  fertility  treatments  were 
applied  to  the  spoils: 

Kentucky-31  fescue: 

1.  Check  (no  fertilizer). 

2.  Nitrogen:  50  p. p.m.  or  100  pounds  N  per 
acre. 

3.  Phosphate:  22  p. p.m.  P  or  100  pounds 
Pi.Or,  per  acre. 

4.  Nitrogen  plus  phosphate:  at  rates  used  in 
(2)  and  (3). 

5.  Nitrogen,  phosphate,  and  potassium:  nitro- 
gen and  phosphate  at  rates  used  in  treat- 
ments (2)  and  (3),  and  potassium  at  a 
rate  of  42  p. p.m.  K  or  100  pounds  K2O  per 
acre. 

Sericea  lespedeza: 

1.  Check  (no  fertilizer). 

2.  Phosphate:  22  p.p.m.  P  or  100  pounds 
PjO-,  per  acre. 

3.  Nitrogen  plus  phosphate:  nitrogen  at  a 
rate  of  20  p.p.m.  or  40  pounds  per  acre, 
and  phosphate  at  rates  used  in  treatment 
(2). 

4.  Nitrogen,  phosphate,  and  potassium:  nitro- 
gen and  phosphate  at  rates  used  in  treat- 
ments (2)  and  (3),  and  potassium  at  a 
rate  of  42  p.p.m.  K  or  100  pounds  KjO  per 
acre. 

The  fertilizer  materials  used  for  supplying 
the  N,  P,  and  K  were  respectively  ammonium 
nitrate,  monobasic  calcium  phosphate,  and  po- 
tassium chloride.  Treatments  were  not  repli- 
cated within  each  spoil  collection. 

An  error  in  procedure  eliminated  the  in- 
tended nitrogen  treatment  for  sericea  lespe- 
deza. 

Each  treatment  was  applied  to  two  pots 
containing  2,000  grams  of  air-dried  spoil.  Fes- 
cue was  seeded  in  one  pot,  and  sericea  lespe- 
deza in  the  other.  Distilled  water  was  added  to 
bring  the  spoil  moisture  content  up  to  field  ca- 
pacity and  maintain  it  there.  The  fescue  was 
grown  for  44  days  from  seeding  to  harvest; 
and  the  lespedeza  77  days.  At  the  termination 
of  each  test,  the  plants  were  clipped  at  ground 
line,  oven-dried,  and  weighed  to  determine 
yield. 


RESULTS 


Particle-Size  Distribution 

The  primary  interest  in  this  analysis  was 
the  percentage,  by  weight,  of  particles  2  mm. 
or  less  in  size— the  soil-size  fraction.  This  por- 
tion affects  water  retention  and  availability, 
which  in  turn  relates  to  plant  establishment 
and  growth.  The  potential  for  chemical  pollu- 
tion through  weathering  and  soil  erodibility 
are  also  related  to  the  percentage  of  soil-size 
material  on  the  spoil  surface. 

We  found  no  significant  statistical  differ- 
ences among  coal  seams  in  the  percentage  of 
soil-size  particles  per  sample  (table  2).  The 
wide  variation  among  samples  for  each  coal 
seam  apparently  obscures  any  significant  dif- 
ferences among  coal  seams. 

The  soil-size  fraction  for  all  spoils  averaged 
37  percent  of  the  total  air-dried  weight.  Mate- 
rial passing  a  i/4-inch  mesh  screen  accounted 
for  60  percent  of  the  sample  weight. 

Apparently  spoils  in  the  southern  West  Vir- 
ginia coal  field  have  sufficient  soil-size  material 
to  retain  adequate  amounts  of  water  during 
normal  weather  conditions.  The  percentage  of 
material  passing  a  2-mm  sieve  is  less  for  the 


essentially  unweathered  spoil  material  than 
for  the  intensively  weathered  natural  soils  oc- 
curring above  and  below  the  mining  disturb- 
ance. As  an  example,  the  percentage  of  material 
less  than  2  mm.  in  size  in  three  natural  soils 
that  occur  over  large  acreages  in  southern 
West  Virginia  are  as  follows:  Dekalb  soils,  65- 
95  percent;  Gilpin  soils,  35-80  percent;  and 
Muskingum  soils,  65-95  percent.^  By  compari- 
son, the  material  2  mm.  or  less  in  the  spoils 
sampled  ranged  from  17  to  64  percent.  This 
percentage  is  expected  to  increase  rapidly  as 
weathering  breaks  down  the  large  particles. 

The  proportion  of  soil-size  material  indi- 
cates that  these  spoils  may  be  more  vulnerable 
to  the  forces  of  erosion  than  coarser  spoils. 
These  small  particles  also  provide  a  large  sur- 
face area  for  chemical  reaction  and  weather- 
ing. 

Spoil  pH  and  Available 
Pbosptiorus 

The  ten  1 -pound  samples  collected  at  each 
site  were  analyzed  for  pH  and  available  phos- 
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Table  2. — Particle  size  dis+ribu+ion  by  coal  seam  in  percent 


lal  seam 

Particle  size 

Cc 

■c^^TYim 

<V4  inch 

<V2  inch  ■ 

c%  inch 

>3/4  inch 

^^Xlllll, 

>   2mm. 

>  1/4  inch  >  y2mch 

Pocahontas  No.  3 

Mean 

33.. 5 

21.8 

14.3 

9.3 

21.1 

Standard  Deviation 

7.8 

2.6 

2.7 

1.9 

8.4 

Pocahontas  No.  6 

Mean 

33.6 

24.0 

14.8 

10.9 

16.7 

Standard  Deviation 

5.0 

4.3 

5.3 

2.0 

7.4 

Beckley 

Mean 

41.8 

21.7 

12.1 

8.5 

15.9 

Standard  Deviation 

6.6 

4.9 

2.0 

1.8 

9.0 

Sewell 

Mean 

40.1 

22.9 

12.6 

8.7 

15.7 

Standard  Deviation 

9.4 

3.7 

2.7 

2.9 

6.6 

Little  Eagle 

Mean 

36.7 

24.0 

15.7 

9.3 

14.3 

Standard  Deviation 

10.2 

3.5 

3.8 

3.1 

8.1 

Eagle 

Mean 

35.9 

24.3 

14.1 

9.6 

16.1 

Standard  Deviation 

8.4 

3.5 

4.9 

2.0 

6.0 

Peerless-No.  2  Gas 

Mean 

41.8 

23.5 

14.6 

8.6 

11.5 

Standard  Deviation 

9.5 

5.4 

3.8 

2.1 

6.1 

Winifrede 

Mean 

32.9 

23.4 

13.7 

10.1 

19.9 

Standard  Deviation 

13.0 

6.4 

4.3 

3.8 

14.7 

Coalburg 

Mean 

37.0 

20.3 

14.7 

12.4 

15.6 

Standard  Deviation 

5.9 

4.0 

5.1 

4.5 

6.0 

No.  5  Block 

Mean 

40.9 

19.9 

14.5 

8.3 

16.4 

Standard  Deviation 

11.3 

1.9 

2.8 

2.7 

7.5 

Mean,  all  samples 

— 

37.2 

22.6 

14.1 

9.6 

16.5 

Table  3. — Spoil  pH  by  coal  seam 


Standard 

Distribution 

Coal  seam 

Median 

pH 

pH 

pH 

pH 

6.1+ 

5.1-6.0 

4.1-5.0 

4.0  or  less 



-   Percent 

of  samples 

Pocahontas  No.   6 

5.7 

0.30 

13 

87 

0 

0 

Pocahontas  No.  3 

5.6 

.32 

3 

94 

3 

0 

Beckley 

5.3 

.77 

33 

42 

22 

3 

Little  Eagle 

5.2 

.68 

27 

53 

20 

0 

Winifrede 

5.1 

1.24 

33 

37 

30 

0 

No.  5  Block 

5.1 

.76 

33 

32 

35 

0 

Coalburg 

5.0 

.39 

3 

45 

52 

0 

Sewell 

5.0 

.64 

27 

36 

32 

5 

Eaele 

4.5 

1.14 

27 

33 

10 

30 

Peerless-No.  2  Gas 

4.5 

.44 

0 

7 

80 

13 

Mean,  all  samples 

— 

— 

20 

48 

27 

5 

phorus.  These  data  showed  significant  differ- 
ences among  coal  seams  for  both  variables 
(table  3).  All  seams  except  the  Eagle  and 
Peerless-No.  2  Gas  had  a  median  pH  of  5.0  or 
more,  indicating  that  most  of  the  plant  species 
commonly  used  for  reclaiming  strip  mines  can 
be  grown  successfully.  By  comparison,  natural 
soils  commonly  occurring  above  or  below  the 
mining  disturbance  are  often  classified  as  very 
strongly  acid  or  strongly  acid.  This  means 
that  the  pH  of  the  natural  soils  may  vary  from 
4.5  to  5.5 

Very  low  phosphorus  (<3.0  p.p.m.  P)  oc- 
curred in  spoils  of  the  No.  5  Block,  Little 
Eagle,  Winifrede,  and  Coalburg  seams.  Spoils 
of  all  of  the  other  seams  except  Pocahontas 
No.  6  were  low  (3.1  to  7.0  p.p.m.  P)  in  avail- 
able phosphorus  (table  4).  This  indicates  that 


most  of  the  spoils  in  southern  West  Virginia 
will  probably  have  insufficient  phosphorus  for 
the  rapid  establishment  and  good  growth  of 
seeded  vegetation. 

The  data  indicate  that  spoil  acidity  is  not  a 
major  problem  in  the  southern  West  Virginia 
coal  field.  Samples  with  a  pH  of  4.0  or  less 
(extremely  acid)  occurred  on  only  four  coal 
seams,  and  they  were  a  relatively  small  por- 
tion of  the  total  samples.  Extremely  acid  spoil 
was  most  common  on  the  Eagle  seam,  but  also 
occurred  on  the  Peerless-No.  2  Gas,  Sewell, 
and  Beckley  seams.  Acid  pollution  from  spoils 
may  occur  where  these  seams  were  mined. 
Care  must  be  exercised  in  mining  and  regrad- 
ing  operations  on  these  coal  seams  to  insure 
that  acid-forming  materials  are  segregated 
and  buried. 


Table  4. — Available  phosphorus  by  coal  seam 


Distribution 

Very  low 

Low 

Medium 

Coal  seam 

Mean 

0.1-3.0 

3.1-7.0 

7.1-20.0 

p.p.m. 

p.p.m. 

p.p.m. 

p.p.m. 



-   Percent  - 

Pocahontas  No.   6 

8.0 

3 

34 

63 

Peerless-No.  2  Gas 

5.0 

33 

37 

30 

Sewell 

4.9 

55 

25 

20 

Pocahontas  No.  3 

3.6 

23 

74 

3 

Eagle 

3.2 

53 

42 

5 

Becklev 

3.2 

55 

35 

10 

No.  5  Block 

2.8 

60 

37 

3 

Little  Eagle 

2.5 

63 

37 

0 

Winifrede 

2.4 

80 

20 

0 

Coalburg 

1.8 

92 

8 

0 

Mean,  all  samples 

— 

52 

35 

13 

Sixty-eight  percent  of  the  samples  had  a  pH 
above  5.0,  but  87  percent  of  the  samples 
tested  below  a  medium  level  (7p.p.m.)  of 
phosphorus.  Therefore  deficiencies  in  plant 
nutrients,  especially  plant-available  phospho- 
rus, probably  contribute  to  the  failure  and 
slow  growth  of  .seeded  grasses  and  legumes 
more  than  does  high  acidity.  Fortunately  this 
condition  can  be  corrected  easily  with  phos- 
phate fertilizers. 

Exchangeable  Acidity, 
Aluminum,  and  Hydrogen 

Three  samples  of  the  soil-size  fraction  from 
each  location  were  used  for  this  analysis.  Each 
sample  was  analyzed  to  determine  exchange- 
able acidity,  exchangeable  aluminum,  and  ex- 
hangeable  hydrogen.  The  latter  two  elements 
account  for  most  of  the  exchangeable  acidity 
that  was  present  in  these  spoils.  Our  objective 
was  to  use  these  measures  to  identify  spoils 
that  may  be  difficult  to  revegetate.  Exchange- 
able acidity  is  also  used  for  determining  rates 
of  lime  that  are  required  to  neutralize  the 
acidity  present  in  spoils. 

Values  for  exchangeable  acidity  ranged 
from  0.05  to  14.35  meq./lOO  g.  There  were 
.significant  differences  among  spoils  of  the  var- 
ious coal  seams.  There  was  also  much  varia- 
tion in  acidity  among  samples  of  individual 
coal  seams.  The  Sewell  and  Eagle  spoils  had 
the  highest  level  of  exchangeable  acidity. 
Means  for  these  spoils  were  3.45  and  3.40 
meq./lOO  g.  The  lowest  values  occurred  on  the 
Pocahontas  No.  3  and  No.  6  spoils  (table  5). 

Exchangeable  aluminum  ranged  from  0  to 


7.25  meq./lOO  g.  There  were  significant  differ- 
ences among  spoils.  High  values  occurred  in 
the  No.  5  Block  and  Sewell  spoils.  Low  values 
occurred  in  the  Pocahontas  No.  3  and  No.  6 
spoils. 

From  these  analyses,  spoils  from  the  Poca- 
hontas No.  3,  Pocahontas  No.  6,  Beckley,  and 
Little  Eagle  coal  seams  could  be  expected  to 
have  low  exchangeable  acidity  and  aluminum, 
and  generally  would  present  few  or  no  prob- 
lems in  establishing  vegetation.  The  Sewell, 
Eagle,  Peerless-No.  2  Gas,  Coalburg,  and  No. 
5  Block  coal  seams  have  spoils  with  the  high- 
est exchangeable  acidity  and  aluminum.  The 
higher  levels  of  acidity  and  aluminum  in  these 
spoils  can  cause  problems  in  establishing 
seeded  grasses  and  legumes. 

Evidence  from  other  research  indicates  that 
wide  variation  can  occur  in  the  properties  of 
the  various  rock  strata  in  the  overburden 
above  the  coal  seam.  If  the  strata  contributing 
excessive  acidity  and  aluminum  could  be  iden- 
tified, then  mining  and  regrading  methods 
could  be  modified  so  that  this  acid  material 
would  be  buried.  The  material  most  suitable 
for  plant  growth  would  be  exposed  on  the  spoil 
surface. 

The  chemical  composition  of  the  Eagle 
spoils  was  the  most  variable.  The  pH  ranged 
from  2.9  to  6.5,  available  phosphorus  from  1.4 
to  17.5  p. p.m.,  exchangeable  acidity  from  0.05 
to  14.35  meq./lOO  g.,  and  exchangeable  alumi- 
num from  0  to  7.25  meq./lOO  g.  This  reflects 
the  differences  in  the  chemical  composition  of 
the  various  rock  strata  above  the  coal  seam.  It 
also  shows  the  revegetation  problems  that  can 


Table  5. — Mean  values  for  pH  and  for  exchangeable  acidity, 
aluminum,  and  hydrogen 


Coal  seam 


Median 
pH 


Exchangeable     Exchangeable    Exchangeable 
Acidity  Aluminum  Hydrogen 


-  -   meq./lOOg.  -  - 

Pocahontas  No. 

6 

5.7 

0.44 

0.29 

0.15 

Pocahontas  No. 

3 

5.6 

.51 

.34 

.17 

Becklev 

5.3 

1.03 

.73 

.30 

Little  Eagle 

5.2 

.88 

.63 

.25 

No.  5  Block 

6.1 

2.91 

2.44 

.47 

Winifrede 

5.1 

1.41 

1.16 

.25 

Coalburg 

5.0 

2.22 

1.77 

.45 

Sewell 

5.0 

3.45 

2.44 

1.01 

Eagle 

4.5 

3.40 

1.92 

1.48 

Peerless-No. 

2  Gas 

4.5 

2.48 

2.04 

.44 

be  caused  on  spoils  derived  from  overburden 
of  such  composition. 

Vegetation  Response 
to  Fertilizer 

In  the  greenhouse  evaluation  of  vegetation 
response  to  fertilization,  the  yields  of  plants  in 
each  fertilizer  treatment  were  compared  with 
yields  of  plants  without  fertilizer.  The  25 
spoils  used  in  this  test  included  two  or  three 
samples  from  each  of  the  ten  coal  seams.  How- 
ever, the  results  presented  here  emphasize  the 
overall  response  of  plants  to  fertilizer  treat- 
ments and  spoil  chemical  properties.  Relating 
plant  response  to  individual  coal  seams  is  less 
meaningful  because  of  the  wide  variation  in 
spoil  properties  that  can  occur  even  on  one 
seam. 

Highest  yields  of  both  K-31  fescue  and  seri- 
cea  lespedeza  occurred  on  the  spoils  fertilized 
with  nitrogen  plus  phosphorus.  The  addition 
of  potassium  did  not  increase  yields  (table  6). 
In  fact,  the  addition  of  potassium  fertilizer 
caused  more  reductions  than  increases  in 
yield,  especially  with  the  sericea  lespedeza. 
This  indicates  that  potassium  is  not  deficient 
in  these  spoils,  and  application  of  potassium 
fertilizer  normally  would  not  be  required. 

Fertilizing  with  both  nitrogen  and  phospho- 
rus is  essential  for  acceptable  establishment 
and  growth  of  K-31  fescue  (fig.  2).  This  re- 
quirement also  applies  to  other  cool-season 
grasses  normally  used  for  vegetating  mine 
spoils. 

Fertilizing  with  both  nitrogen  and  phospho- 


rus also  gave  best  yields  of  sericea  lespedeza. 
However,  fertilizing  with  phosphorus  alone 
also  gave  substantial  increases  in  yield  (table 
6  and  fig.  3).  This  is  because  legumes  such  as 
sericea  lespedeza,  when  inoculated  with  the 
proper  nitrogen-fixing  bacteria  (Rhizohia)  are 
capable  of  providing  their  own  nitrogen.  It  is 
also  the  reason  why  legumes  are  considered  as 
an  important  constituent  of  a  plant  mixture 
for  vegetating  strip-mine  spoils. 

The  greenhouse  tests  also  showed  that 
yields  of  fertilized  K-31  fescue  were  much 
lower  on  spoils  that  had  a  pH  below  5.0  than 


Figure  2. — A  typical  response  of  Ken+ucky-3  I 
fescue  to  the  fertilization  treatments  on  spoil 
with  pH  above  5.0.  This  is  a  Coalburg  spoil. 


Table  6. — Average  herbage  yields  of  K-31  fescue 
and  sericea  lespedeza  grown  on  spoils  with  several 
fertilizer  treatments 


Control 

Fertilizer  treatment 

Spoil  pH 

N        P        NP 

NPK 



K-31 

FESCUE 

3.9-4.5 

0.2 

0.6         0.4         1.3 

1.1 

4.6-5.0 

.2 

.4           .5         1.6 

1.2 

5.1  and  above 

.4 

.9           .8         3.9 

3.6 

SERICEA 

LESPEDEZA 

3.9-4.5 

.4 

—           .9         2.3 

.7 

4.6-5.0 

3.0 

—         6.9         9.2 

7.2 

5.1  and  above 

1.7 

—       11.0       13.8 

9.8 

Figure  3. — A  typical  response  of  sericea  lespe- 
deza to  the  fertilizer  treatments  on  spoil  with 
pH  above  5.0.  This  is  a  Pocahontas  No.  6  spoil. 


N 


on  spoils  with  a  pH  above  5.0  (table  6).  If  ap- 
plied directly  to  field  conditions,  these  results 
indicate  that  some  problems  may  be  encoun- 
tered in  establishing  an  adequate  cover  of  fes- 
cue on  spoils  with  a  pH  below  5.0.  However, 
follow-up  field  trials  should  be  made  to  deter- 
mine the  validity  of  these  results  for  field  con- 
ditions. 

Yields  of  sericea  lespedeza  were  much  lower 
on  spoils  that  had  a  pH  below  4.5  than  on 
spoils  with  pH  above  4.5.  Yields  on  spoils  in 
the  pH  range  4.6  to  5.0  were  only  slightly 
lower  than  on  spoils  with  pH  above  5.0.  These 
results  suggest  that  sericea  lespedeza  can  tol- 
erate slightly  more  acid  conditions  than  can 
K-31  fescue. 


CONCLUSIONS 

This  survey  provided  a  reasonably  optimis- 
tic outlook  for  the  opportunities  to  success- 
fully establish  vegetation  on  surface-mine 
spoils  in  southern  West  Virginia.  The  pH  of  a 
majority  of  the  spoils  sampled  is  5.0  or  higher, 


and  there  seems  to  be  enough  soil-size  mate- 
rial to  retain  sufficient  moisture  for  satisfac- 
tory plant  growth  during  normal  weather  con- 
ditions. 

A  major  problem  is  a  deficiency  of  essential 
plant  nutrients.  In  greenhouse  tests,  the  addi- 
tion of  nitrogen  and  phosphorus  resulted  in 
dramatic  increases  in  plant  growth  on  a  ma- 
jority of  the  sample  spoils.  Low  pH  and  high 
exchangeable  acidity  and  aluminum  could 
have  a  detrimental  effect  on  vegetation  estab- 
lishment on  some  spoils  associated  with  the 
Sewell,  Beckley,  Peerless-No.  2  Gas,  and  No. 
5  Block  coal  seams. 

It  is  recognized  that  these  results  apply  to 
spoils  resulting  from  present-day  mining  and 
regrading  methods.  In  some  cases,  the  system- 
atic placement  during  mining  of  certain  strata 
in  the  overburden  could  result  in  a  more  pro- 
ductive spoil.  To  accomplish  this,  acidity  tests 
would  have  to  be  made  of  each  major  strata  in 
the  overburden.  Those  strata  identified  as 
high  in  acidity  could,  where  possible,  be  segre- 
gated and  buried  under  better  spoil,  thus  re- 
ducing the  percentage  of  vegetation  failures. 


THE  FOREST  SERVICE  of  the  U.  S.  Depart- 
ment of  Agriculture  is  dedicated  to  the  principle  of 
multiple  use  management  of  the  Nation's  forest  re- 
sources for  sustained  yields  of  wood,  water,  forage, 
wildlife,  and  recreation.  Through  forestry  research, 
cooperation  with  the  States  and  private  forest 
owners,  and  management  of  the  National  Forests 
and  National  Grasslands,  it  strives  —  as  directed 
by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation, 
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Reliable  Results  from 


SIMULATION    MODELS 


ABSTRACT 

Development  of  a  computer  simulation  model  is  usually  done 
without  fully  considering  how  long  the  model  should  run  (e.g. 
computer  time)    before  the  results  are  reliable. 

However  construction  of  confidence  intervals  ( CI )  about  critical 
output  parameters  from  the  simulation  model  makes  it  possible  to 
determine  the  point  where  model  results  are  reliable.  If  the  results 
are  not  reliable,  due  to  the  variability  within  the  model,  the  model 
user  at  least  knows  the  degree  of  confidence  that  may  be  placed 
in  the  results. 

Such  factors  as:  1)  model  variability,  2)  prescribed  width  of  the 
CI,  and  3)  the  level  of  confidence  of  the  simulation  model  results, 
have  a  profound  effect  on  the  amount  of  computer  time  needed  to 
obtain  reliable  results.  Since  proper  choice  of  these  parameters  can 
significantly  affect  the  time  and  cost  needed  to  obtain  the  results 
from  the  model,  it  is  imperative  that  the  user  of  the  model  consider 
these  factors. 


QoMPUTER  SIMULATION  models  of 
existing  or  hypothesized  systems  are  often 
developed  to  obtain  information  about  one 
or  more  system  parameters.  The  simulation 
model  provides  the  analyst  with  a  tool  for 
generating  values  of  the  system  variables 
under  study.  However,  the  results  obtained 
from  stochastic  simulation  models  are  subject 
to  the  same  questions  of  statistical  reliability 
—  precision  of  parameter  estimates  —  as  re- 
sults of  any  other  experiment.  The  analyst 
needs  to  know  the  statistical  reliability  of  the 
results  (Reese  1968)  since  accepting  an  unre- 
liable estimate,  because  the  simulation  experi- 
ment was  terminated  too  soon,  could  be  costly 
when  results  are  applied.  Conversely,  further 
computations  after  the  results  are  reliable  are 
unnecessary  and  wasteful. 

The  precision  of  estimates  obtained  from  a 
simulation  model  depends  on  the  length  of 
the  stochastic  simulation  run  in  the  same  way 
that  the  precision  of  a  real-life  experiment 
depends  on  the  sample  size.  Failure  to  con- 
sider the  precision  of  estimate  may  cause 
premature  termination  of  the  simulation  ex- 
periment, resulting  in  unreliable  parameter 
estimates  or  estimates  no  more  reliable  than 
those  found  by  intuition  or  past  experience 
in  less  time  and  at  lower  cost. 

METHODS 

The  sample  size  can  be  determined  from 
interval  estimates  of  the  mean.  This  proce- 
dure involves  setting  a  prescribed  interval  half 
width  (D)  and  a  probability  that  the  popula- 
tion parameter  falls  within  a  distance  D  of 
the  estimate  and  then  calculating  the  sample 
size  (n)  needed  to  meet  these  requirements. 
This  approach  requires  knowledge  of  the 
population  variance  (w^)  or  the  assumption 
of  a  normally  distributed  variable.  One  advan- 
tage of  simulation  experiments  is  that  obser- 


vations can  be  obtained  sequentially,  and  the 
results  from  previous  observations  can  be  re- 
tained. (One  observation  equals  one  time 
period  in  the  simulator,  where  one  time  period 
could  be  1  hour,  1  day,  1  week,  1  year,  etc.) 
This  allows  one  to  make  use  of  the  past 
values  in  deciding  whether  the  parameter 
estimates  are  reliable. 

There  are  various  procedures  available  that 
can  be  used  to  signal  the  termination  of  the 
simulation  model.  Reese  used  methods  based 
on  Chebychev's  inequality,  trend-corrected  t 
tests,  and  sequential  t  tests  to  obtain  param- 
eter estimates  after  runs  had  reached  steady 
state  conditions.  Stein's  (1945)  two-sample 
method,  could  also  be  used  to  stop  the  simu- 
lator run.  However,  in  these  works  restrictions 
are  imposed  on  the  observations  from  the 
simulator.  For  example,  normality  of  the  vari- 
able under  study  has  to  be  assumed  or  the 
simulator  must  run  long  enough  to  obtain  a 
reliable  estimate  of  (r% 

A  procedure  that  can  be  used  to  obtain 
results  reliable  at  a  prescribed  probability 
level,  and  that  is  less  restrictive  than  the 
methods  previously  discussed,  can  be  obtained 
using  a  theorem  by  Chow  and  Robbins.  This 
procedure  involves  estimating  a  confidence 
interval  (CI)  with  coefficient  y  and  termina- 
tion of  the  simulator  when  the  half  width  of 
the  confidence  interval  (dn)  is  less  than  a 
prescribed  half  width  (D).  If  a^  is  finite,  the 
method  will  satisfy  any  (y,  D)  reliability  con- 
dition for  n  large  enough.  With  a'^  unknown 
and  D  sufficiently  small,  the  population  pa- 
rameter Up  will  lie  within  the  estimated  inter- 
val, centered  about  the  sample  mean,  with 
probability  y  (Chow  and  Robbins  1965). 

For  example,  suppose  we  want  to  obtain  a 
reliable  estimate  of  the  average  daily  profit 
Up  by  operating  a  given  system  for  an  un- 
known period  of  time.  The  sample  size  must 
be  large  enough  to  provide  reasonable  assur- 


\       START      / 


Read: 


D  =  the  prescribed  holf  width  of  the  confidence  Interval 
y  =.  the  confidence  coefficient 
KK  =  number  of  observations  {time  periods)  for  the  first  ^eiIabi!i^y  check 
K  =  number  of  observotions  to  the  next  reliability  check 
MAXNUM  =:  moiclmum  number  of  observations  to  be  run  in  the  simulation  experiment 


Set:   n  =  0.  where  n  is  the  total  number  of  observations  run 


Set:  Zq/2  the  deviate  ossoclated  with  the  n/2  percentile  point  of  a  standardized  normal 
distribution. 


ance  that  5,  the  estimated  average  daily  profit, 
is  close  to  Up.  Misleading  results  could  occur 
if  the  sample  size  is  too  small.  Using  a  sequen- 
tial stopping  procedure  adapted  from  Chow 
and  Robbin's  theorem,  it  is  necessary  to  make 
D  small  enough  and  perform  the  series  of 
steps  presented  in  figure  1. 

This  procedure,  resulting  in  a  fixed  width 
confidence  statement  that  holds  asymptotical- 
ly makes  the  sample  size  (n)  equal  to  the 
smallest  integer  multiple  of  K  greater  than  or 
equal  to  Z'SnVd,,-  and  KK.  Rearranging  n, 
from  above,  to  appear  as  dn  =  ZSn/n'-  a  rea- 
sonable procedure  for  ending  the  simulator  is 
to  stop  when  the  simulator-estimated  half 
width  is  shorter  than  the  prescribed  half 
width  D.  Although  the  actual  confidence  co- 
efficient is  no  longer  exactly  y  due  to  sequen- 
tial sampling,  this  procedure  can  be  used  to 
signal  an  end  to  the  simulation  experiment. 
If  the  parameter  estimate  is  assured  reliabil- 
ity d=  D  at  approximately  the  confidence  co- 
efficient y,  the  results  can  be  confidently  used. 
If   the   variability   is   so   large   that   reliable 


estimates  are  too  costly  to  obtain,  the  simu- 
lator will  stop  when  the  maximum  number  of 
observations  MAXNUM  is  reached. 


DISCUSSION 

Examination  of  the  flow  chart  (fig.  1)  indi- 
cates several  decisions  that  affect  the  number 
of  observations  required.  A  decision  must  be 
made  on  the  prescribed  half  width  D  and  on 
the  level  of  confidence  y.  These  two  values, 
interacting  with  inherent  variability  of  the 
simulator,  have  a  direct  effect  on  the  length 
of  the  simulator  run.  Theoretically,  as  shown 
by  Emshoff  and  Sisson  {1970)  for  any  simu- 
lation experiment,  the  length  of  the  computer 
run  will  be  proportional  to  the  variance  (see 
fig.  2  a  and  c).  This  would  be  true  whether  D 
was  small  or  large  (see  fig.  2  a  and  b).  When 
the  variability  is  high,  the  observations  vary 
so  much  that  the  half  width  will  exceed  the 
prescribed  width  until  n  gets  very  large.  If 
the  model  variability  is  small,  the  half  width 
becomes  less  than  D  sooner.  Figure  2,  which 
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Figure   2.  —  Total   computer  time   of  simulation   experiment  as 
a  function  of  the  reliability  of  the  estimate. 
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a)  Range  of  computer  time 
needed  when  d  is  small  and 
system  variability  is  high. 

b)  Range  of  computer  time 
needed  when  d  is  large  and 
system  variability  is  high. 


Range  of  computer  time 
needed  when  d  is  small  and 
system  variability  is  low. 

Range  of  computer  time 
needed  when  d  is  large  and 
system  variability  is  low. 
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makes  use  of  Emshoff  and  Sisson's  work, 
indicates  general  results  from  any  arbitrary 
simulation  model  while  showing  the  relation- 
ship between  the  computer  time  needed  for 
the  simulation  experiment,  the  magnitude  of 
D,  and  model  variability.  It  shows  that  the 
user  of  the  simulation  model  must  be  very 
careful  when  choosing  values  for  D  and  y. 

Even  though  the  value  of  the  prescribed 
half  width  D  is  set  by  the  analyst,  the  choice 
is  not  independent  of  the  parameters  of  the 
simulation  model.  D  must  be  small  relative 
to  a~  and  relative  to  the  mean.  A  rule  that  is 
often  used  in  calculating  the  sample  size  is 
to  set  D  equal  to  ±  10  percent  of  the  mean. 
In  many  cases,  the  analyst  will  have  prelim- 
inary runs  of  the  simulator  available  to  use 
for  estimating  the  mean  and  variance.  It  may 
also  be  possible  to  derive  approximations  of 
the  mean  and  variance  by  analytical  methods. 
It  is  necessary  to  obtain  reliable  results  from 
the  model,  but  only  if  the  cost  and  time  re- 
quired to  obtain  these  results  do  not  outweigh 
the  potential  benefits  of  using  the  model. 

The  following  is  an  example  of  the  stopping 
rule  outlined  in  figure  1  and  the  relationships 
shown  in  figure  2: 

An  individual  has  contracted  to  do  the  log 
hauhng  from  a  logging  site  12  miles  to  the 
sawmill.  The  logs  are  purchased  at  $29  per 
thousand  board  feet  (Mbf)  from  the  logger 
and  sold  to  the  mill  for  $34  per  Mbf.  The 
contract  requires  six  loads  per  day.  The  con- 
tractor is  presently  hauling  the  six  loads  with 
two  trucks,  but  is  interested  in  the  effect  on 
total  profit  if  one  additional  truck  is  used. 
The  costs  (owning,  fuel,  maintenance,  etc.) 
involved  in  running  two  trucks  are  known  and 
provide  data  for  estimating  the  costs  for  a 
third  truck. 

The  profit  for  a  three-truck  system  is  deter- 
mined by  using  a  model  which  simulates  the 
hauling  operation  through  distributions  of 
loading  time,  hauhng  time,  and  operator  effi- 
ciency. The  system  is  treated  as  a  single- 
channel  queue  with  the  loader  as  the  queuing 
point  where  trucks  may  wait  for  loading  while 
another  truck  is  loaded. 

The  parameter  of  primary  interest  in  the 
simulation  model  is  average  profit  per  day. 
Since   a    decision    whether   to   purchase    the 


third  truck  will  be  based  upon  this  parameter, 
it  must  be  reliable.  The  mean  profit  should 
be  within  D  units  of  the  true  value  (100  x  y) 
percent  of  the  time.  However,  the  cost  of 
obtaining  profit  estimates  must  not  be  too 
large. 

The  simulation  model  was  run  using  dif- 
ferent values  for  D,  y,  and  a^  and  graphs  were 
plotted  to  show  the  resulting  relationships. 
(Note:  the  graphs  serve  to  point  out  the 
results  from  this  particular  example  and 
should  not  be  interpreted  for  any  other  use.) 
Figure  3  shows  the  length  of  computer  runs 
for  various  y  and  D  values.  As  the  confidence 
coefficient  increases  for  a  fixed  D  value  the 
computer  time  increases.  Conversely,  as  D  is 
decreased  for  a  fixed  y  the  time  increases.  The 
analyst  may  want  to  choose  y  and  D  values 
between   the   extremes   of  a   small   y  and  a 


Figure  3.  —  Number  of  simulafed  days  versus 
level  of  confidence  (y)  for  various  levels  of  D. 
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large  D  value  resulting  in  a  small  amount  of 
computer  time,  (20  observations  for  our  ex- 
ample: one  observation  corresponds  to  one 
simulated  day)  and  a  large  y  and  a  small  D 
value  resulting  in  a  great  amount  of  computer 
time  (1,255  observations  for  our  example). 

Figure  4  shows  the  length  of.computer  runs 
for  5  levels  of  (a^)  and  12  D  values.  In  our 
example  the  random  variables  were  generated 
from  normal  distributions  and  variability  was 
increased  by  increasing  the  variability  of  two 
of  the  components.  This  example  is  just  one 
of  many  ways  to  change  the  model  variability. 
For  a  given  D  level,  as  (t^  of  the  model  in- 
creases, the  time  needed  to  obtain  a  reliable 
parameter  estimate  increases.  When  the  vari- 
ance is  held  constant  and  D  decreased,  the 
computer  time  increases.  For  this  example, 
when  a^  was  small  and  D  was  large,  the  num- 
ber of  observations  needed  to  obtain  a  reliable 
parameter  estimate  was  small  (20  simulation 
days) ;  however,  when  a'^  was  large  and  D  was 
small,  the  required  number  of  observations 
was  large  (1,125  simulation  days). 

Thus  the  three  factors  y,  D,  and  a^  must  be 
carefully  considered  when  analyzing  the  simu- 
lation experiment  results. 

The  analyst  has  the  responsibility  of  insur- 
ing reliable  results  from  simulation  experi- 
ments. The  potential  savings  from  use  of  the 
model  should  not  be  diminished  by  excessive 
costs  in  obtaining  the  results. 


Figure  4.  —  Number  of  simulated  days  versus 
model  variability  (a^)  for  various  levels  of  D. 
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An  Annotated 
Cicadellidae  and  ^  im 


Abstract 

This  annotated  list  includes  87  cicadellid  and  13  fulgorid  entries 
that  were  found  on  and  probably  feed  on  elm  to  some  extent.  Thir- 
teen of  the  cicadellid  species  listed  are  known  vectors  of  virus  or 
mycoplasmalike  diseases  of  plants.  Also,  the  following  18  cicadellid 
genera  contain  known  vectors  of  virus  or  mycoplasmalike  diseases 
of  plants:  Aceratagallia  Kirk.,  Agallia  Curtis,  Agalliopsis  Kirk., 
Chlorotettix  VanD.,  Coelidia  Germar,  Colladonus  Ball,  Draecula- 
cephala  Ball,  Empoasca  Walsh,  Endria  Oman,  Graphocephala  VanD., 
Gyponana  Ball,  Idiodonus  Ball,  Keonolla  Oman,  Macrosteles  Fieb., 
Osbornellus  Ball,  Paraphlepsius  Bak.,  Scaphoideus  Uhl.,  and  Sca- 
phytopius  Ball.  One  fulgorid  genus,  Delphacodes,  also  contains  vec- 
tors of  virus  or  mycoplasmalike  diseases. 


J]  ARLY  IN  THE  STUDY  of  vectors  of  elm 
phloem  necrosis,  it  was  found  that  few 
cicadelHds  or  fulgorids  that  feed  on  elm,  Ul- 
mus  americana  L.,  were  listed  in  literature. 
Both  families  contain  species  that  are  known 
vectors  of  virus  and  mycoplasmalike  diseases. 
Scaphoideus  luteolus  Van  Duzee  was  reported 
the  vector  of  elm  phloem  necrosis  (Baker 
1948,  1949,  1950).  However  there  are  many 
more  species  that  are  potentially  vectors  of 
this  disease.  Hoffman  (1942)  lists  Empoasca 
bipunctata  (Oshanin),  E.  fabae  (Harr.),  Ery- 
throneura  basilaris  (Say),  E.  kansana  Bak., 
E.  maculata  (Gill),  Typhocyba  ulmi  (L.),  and 
T.  rosae  (L.),  of  the  Cicadellidae  as  feeding 
and/or  breeding  on  elm.  He  hsts  Acanalonia 
conica  (Say),  Ormenis  pruinosa  (Say),  and 
O.  septentrionalis  (Spin.),  of  the  Fulgoridae 
on  elm.  The  following  alphabetical  lists  of 
Cicadellidae  and  Fulgoridae  are  compiled  from 
collection  data,  unpubhshed  rearing  data,  and 
literature.  The  reared  insects  were  collected 
on  elm,  usually  as  nymphs,  and  reared  on  elm 
seedlings  by  personnel  of  the  Bureau  of  En- 
tomology and  Plant  Quarantine,  Columbus, 
Ohio,  from  1945  to  1953. 

In  the  citations,  the  following  code  letters 
have  been  used:  CAE — collected  on  American 
elm,  RAE — reared  on  American  elm,  TA — 
collected  on  trees  in  association  with  elm,  and 
HVA — collected  on  herbaceous  vegetation  in 
association  with  or  near  elm.  Also  the  plus 


( + )  symbol  has  been  used  with  the  above 
codes  to  denote  an  abundance  on  one  or  more 
vegetation  types. 

Cicadellidae  (Leafhoppers) 

Aceratagallia  sanguinolenta  (Prov.).  CAE, 
HVA  +  .  Recorded  from  alfalfa,  potatoes, 
grasses,  willow,  and  weeds  (Medler  1942). 
A  known  vector  of  New  York  strain  of  po- 
tato yellow  dwarf  (Black  1934,  Nielson 
1968). 

Agallia  constricta  Van  D.  RAE,  CAE  +  ,  TA  +  , 
HVA  +  .  Listed  hosts  are  clovers,  soybeans, 
and  other  legumes  (Osborn  1928).  Re- 
corded on  alfalfa  and  alsike  clover  (Stearns 
1927).  This  species  is  a  known  vector  of 
clover  big  vein  and  potato  yellow  dwarf 
(Nielson  1968).  Also  listed  as  a  vector  of 
wound  tumor  virus  (Black  1944,  Black  & 
Brakke  1952). 

Agalliopsis  novella  (Say).  CAE,  TA,  HVA. 
Recorded  on  alfalfa,  clover,  apple,  and  oak 
(Stearns  1927);  also  in  poplar  woods,  tam- 
arack swamp,  and  grass  areas  (Medler 
1942).  Vector  of  clover  big  vein  and  clover 
club  vein.  Also  listed  as  vector  of  clover 
leaf-club  virus  (Black  1944,  Maramorosch 
1955,  Beirne  1956),  wound  tumor,  New 
Jersey  and  New  York  strains  of  potato  yel- 
low dwarf  (Black  1941,  1944). 


Alebra  albostriella  (Fall).  CAE,  TA,  HVA. 
Young  (1957)  indicates  this  species  prob- 
ably is  aurea  (Walsh)  which  has  been  col- 
lected on  maple,  linden,  oak,  chestnut,  syc- 
amore, dogwood,  and  elm. 

Aulacizes  irrorata  {¥.).  CAE,  TA,  HVA.  Re- 
corded on  oak,  sassafras,  and  weeds  in  open 
woods  (Stearns  1927). 

Balclutha  spp.  CAE,  TA,  HVA  +  .  Blocker 
(1967)  states  grasses  and  sedges  usually 
are  host  plants. 

Chlorotettix  spp.  CAE,  TA,  HVA  Hosts  in- 
clude grasses,  willow,  strawberry,  and  salt 
marsh  vegetation  (Osborn  1915)).  One 
species  is  a  known  vector  of  California  aster 
yellows  (Nielson  1968). 

Coelidia  olitorius  (Say).  CAE  +  ,  TA,  HVA. 
DeLong  reported  sassafras  as  host  in  1923 
(Medler  1942).  Host  plants  include  apple, 
peach,  catalpa,  oak,  and  weeds  in  open 
woods  (Stearns  1927).  Note:  C.  indica 
Walker  is  a  vector  of  sandal  spike  (Nielson 
1968). 

Colladonus  clittellarius  (Say).  CAE,  HVA, 
Beirne  (1956)  lists  as  vector  of  eastern 
X-disease  of  peach  and  cherry. 

Deltocephalus  spp.  CAE,  HVA.  Some  species 
recorded  on  lawns,  wheat,  oats,  willow,  and 
alsike  clover. 

Dikraneura  spp.  CAE,  TA,  HVA  +  . 

Draeculacephala  spp.  CAE,  TA,  HVA  +  .  Some 
species  reported  on  alfalfa,  clover,  corn,  tim- 
othy, and  willow.  Some  species  are  vectors 
of  Pierce's  disease  of  grape  and  chlorotic 
streak  of  sugarcane  (Nielson  1968). 

Empoasca  spp.  CAE-f,  TA,  HVA.  Some 
species  are  vectors  of  bunchy  top  of  papaya 
and  little  leaf  of  brinjal  (Nielson  1968). 

E.  hipunctata  (Oshanin).  This  European  spe- 
cies taken  only  on  elm  in  U.  S.  (Hoffman 
1942).  Host  is  Chinese  elm  (Beirne  1956). 

E.  fabae  (Harr.).  RAE.  Economically  de- 
structive to  apples,  potatoes,  legumes,  vege- 
tables, cotton,  dahlia,  and  fruit  trees.  Re- 
portedly a  vector  of  potato  yellow-dwarf. 


Endria  inimica  (Say).  RAE,  CAE.  Collected 
on  herbaceous  vegetation.  Vector  of  striate 
mosaic  of  wheat  and  North  American  aster 
yellows,  western  strain  (Nielson  1968). 

Erythroneura  spp.  CAE-H,  TA,  HVA. 

E.  accola  McAtee.  RAE,  CAE. 

E.  affinis  Fitch.  RAE,  CAE. 

E.  alternata  Johnson.  RAE,  CAE.  Johnson 
(1935)  lists  host  as  Carpinus. 

E.  basalaris  (Say).  RAE,  CAE.  Breeds  on  elm 
(Hoffman  1942).  On  plum  and  Caragana 
(Medler  1942). 

E.  bigemina  McAtee.  RAE,  CAE.  Johnson 
(1935)  lists  on  Ulmus,  Aesculus,  and 
Castanea. 

E.  campora  Robinson.  RAE,  CAE.  Johnson 
(1935)  lists  as  common  everywhere  espe- 
cially on  elm.  Collected  late  May  to  October. 

E.  comes  (Say).  RAE,  CAE.  Hosts  are  Vitis, 
Ampelopsis,  and  Cornus  (Medler  1942). 

E.  contrasta.  RAE,  CAE. 

E.  fulvocephala  Robinson.  RAE,  CAE.  Hosts 
are  Aesculus,  Ulmus,  Prunus,  Vitis,  Alnus, 
Robinia,  Carpinus,  Salix,  Cercis,  and  Jug- 
lans  (Johnson  1935). 

E.  harpax  Beamer.  RAE,  CAE.  Aesculus  is 
host  (Johnson  1935). 

E.  kansana  Baker.  RAE,  CAE.  Taken  only  on 
elm  (Hoffman  1942).  Collected  on  Rumex 
(Medler  1942). 

E.  lawsoni  Robinson.  RAE,  CAE.  Common 
on  sycamore  in  Ohio  (Johnson  1935). 

E.  maculata  (Gill.).  RAE,  CAE  +  .  On  syca- 
more and  alfalfa  (Stearns  1927)).  On  Aes- 
culus (Johnson  1935).  Host  plant  is  sumac 
(Beirne  1956). 

E.  noeva  (Gill.).  CAE.  Taken  on  Carpinus, 
Quercus,  Mains,  Gleditsia,  Aesculus,  Jug- 
lans,  and  Acer  pictum.  All  stages  found  on 
last  two  hosts  (Johnson  1935). 

E.  obliqua  (Say).  RAE,  CAE.  Taken  on  Car- 
pinus, Aesculus,  and  Ulmus  (Johnson  1935). 


E.  osborni  (DeL.).  RAE,  CAE.  On  Carpinus 
(Johnson  1935). 

E.  rubens  (Beamer).  CAE. 

Eutettix  spp.  Collected  on  American  elm  and 
nearby  trees. 

GramineUa  fitchii  (Van  D. ).  Rarely  collected 
on  American  elm.  Collected  on  herbaceous 
vegetation. 

Graphocelphala  coccinea  (Forst).  RAE, 
CAE  +  ,  TA,  HVA.  Hosts  are  apple,  peach, 
oak,  alsike  clover,  timothy,  and  weeds 
(Stearns  1927).  Common  on  shrubby  vege- 
tation (Osborn  1928). 

G.  versuta  (Say).  CAE,  TA,  HVA.  Hosts  in- 
clude alsike,  clover,  ragweed  and  Pinus  vir- 
giniana  Mill.  (Stearns  1927).  Vector  of 
phony  peach  disease  (Turner  1949,  Nielson 
1968). 

Gypona  sp.  RAE,  CAE,  TA,  HVA. 

Gyponana  octolineata  complex.  CAE.  Hosts 
include  grasses,  low  herbage,  bushes,  and 
trees  (Osborn  1915).  One  species  of  this 
genus  is  a  vector  of  aster  yellows  and  one 
is  a  vector  of  eastern  X-disease  of  peach 
(Nielson  1968). 

Idiodonus  kennecotti  (Uhl.).  CAE,  TA,  HVA. 
One  species  of  Idiodonus  is  a  vector  of  aster 
yellows  (Nielson  1968). 

Keonolla  dolobrata  {BaW)  =Neokolla  gothica 
(Signoret).  CAE,  HVA.  Vector  of  Pierce's 
disease  of  grape  (Nielson  1968,  Ishihara 
1969). 

Kolla  bifida  (Say).  CAE,  TA.  On  alfalfa,  or- 
chard grass,  and  oak  (Stearns  1927).  Many 
collected  on  herbaceous  vegetation. 

Latalus  sayi  (Fitch).  Scarce  on  American  elm. 
Collected  on  herbaceous  vegetation.  Abun- 
dant on  bluegrass  in  Indiana  (Brown  1939). 

Lonenus  intricatus  (Uhler).  RAE. 

Macrosteles  divisa  (Uhler).  CAE,  HVA.  Med- 
ler  (1942)  recorded  this  species  as  damag- 
ing oats  and  as  a  vector  of  aster  yellows 
virus.  Beirne  (1956)  says  M.  fascifrons 
(Stal.)  is  the  correct  name  for  the  leaf- 
hopper  which  is  a  vector  of  aster  yellows, 


lettuce  yellows,  white-heart,  rabbit  ear,  and 
Rio  Grande  disease  of  lettuce,  purple  top 
and  net  necrosis  of  potato,  flax  crinkle,  oat 
blue  dwarf,  and  other  yellows  diseases.  Six 
species  of  Macrosteles  are  known  vectors  of 
virus  and  viruslike  diseases. 

Menosoma  cincta  (O.  &  B. ).  Scarce  on  Ameri- 
can elm  and  nearby  trees. 

Neokolla  seminuda  (Say).  CAE,  TA,  HVA. 

Osbornellus  auronitens  (Prov.).  RAE,  CAE. 
Beirne  (1956)  states  ferns  are  probably 
hosts.  Rarely  collected  on  trees  near  elm 
and  from  grass  and  weeds.  Note:  O.  borealis 
is  the  vector  of  a  yellow  leafroll  strain  of 
western  X-disease  of  peach  (Nielson  1968). 

O.  clarus  Beamer.  Collected  on  Ulmus  alata 
Michx. 

Paraphlepsius  irroratus  (Say).  RAE,  CAE, 
TA,  HVA,  Serious  pest  of  grain  crops  and 
other  plants  (Brown  1939).  On  alfalfa,  al- 
sike clover,  oak,  apple,  and  peach  (Stearns 
1927).  Population  heavy  on  American  elm 
in  1946.  Vector  of  clover  phyllody  virus 
(Chiykowski  1965). 

Phlepsius  sp.  CAE,  TA,  HVA+. 

P.  leucopthalmus.  RAE. 

Ponana  sp.  CAE,  TA,  HVA. 

Scaphoideus  spp.  CAEh-. 

S.  atlantus  Ball.  RAE,  CAE  +  ,  TA.  Also  col- 
lected on  winged  elm,  ragweed,  teasel,  mus- 
tard, Dipsacus  sp.,  &  Early  Marvel  pea. 

S.  auctus  DeL.  &  M.  CAE. 

S.  cinerosus  Osb.  CAE. 

S.  crassus  DeL.  &  M.  RAE,  CAE,  TA.  Also 
collected  on  grass  and  weeds. 

S.  near  dilatus  DeL.  &  M.  CAE. 

S.  diutius  DeL.  &  M.  CAE. 

S.  flexus  DeL.  &  M.  CAE,  TA. 

S.  immistus  (Say).  CAE  +  ,TA.  Osborn  (1915) 
hsts  willow  as  host.  Collected  on  apple,  oak, 
Japanese  maple,  elm,  and  weeds  (Stearns 
1927).    Host   possibly   Salix   spp.    (Beirne 


1956).  Commonly  collected  on  winged  elm 
and  on  grass  and  weeds. 

S.  littoralis  Ball.  CAE  +  ,  TA,  HVA.  This 
species,  the  vector  of  a  yellows  disease, 
"Flavescence  doree"  of  grape  in  France,  is 
also  found  in  Italy  on  grape  (Vidano  1964). 

S.  luteolus  Van  D.  RAE,  CAE  +  .  Osborn 
(1928)  reported  this  species  was  apparently 
rare.  Collected  on  American  elm  by  the 
thousands  from  1940  through  1952.  Rarely 
collected  on  poison  ivy  and  Virginia  creeper. 
Collected  on  winged  elm.  Reported  as  the 
vector  of  elm  phloem  necrosis  disease 
(Baker,  1948,  1949,  1950). 

S.  major  Osb.  Host  probably  willow  (Beirne 
1956).  One  collected  on  American  elm. 

S.  melanotus  Osb.  CAE. 

S.  near  merus  DeL.  &  B.  CAE,  TA. 

S.  minor  Osb.  CAE,  TA,  HVA. 

S.  nigrellus  DeL.  &  M.  RAE,  CAE. 

S.  nigricans  Osb.  RAE,  CAE  +  .  Collected  on 
grass  and  weeds  and  on  Washingtonia  clay- 
toni  Clarke  (Osmorhiza  claytoni  [Michx] 
Clarke). 

S.  obtusus  Osb.  CAE. 

S.  pullus  DeL.  &  M.  CAE,  TA,  HVA. 

S.  radix  DeL.  &  M.  CAE,  TA. 

S.  scelestus  DeL.  &  M.  RAE,  CAE,  TA,  HVA. 
Collected  on  winged  elm. 

S.  sensibilis  Ball.  RAE,  CAE.  Common  on 
Osmorhiza  claytoni. 

S.  tergatus  DeL.  CAE. 

S.  torgus  DeL.  &  B.  CAE,  HVA. 

Scaphytopius  sp.  CAE,  TA,  HVA. 

S.  acutus  Say.  CAE,  TA,  HVA.  Vector  of 
western  X-disease  of  peach  and  cherry 
(Beirne  1956).  Vector  of  alfalfa  witches' 
broom,  eastern  X-disease  of  peach,  little 
cherry,  clover  phyllody,  and  western  aster 
yellows  (Nielson  1968).  Vector  of  eastern 
X-disease  of  peach  and  lucerne  witches' 
broom  (Ishihara  1969).  Chiykowski  (1962) 


studied  the  role  of  this  species  as  a  vector 
of  clover  phyllody  in  Canada. 

S.  frontalis  (Van  D.).  CAE,  TA,  HVA.  Ball 
listed  blackberry  as  host  (Medler  1942). 

Stirellus  obtusus   (Van  D.).  CAE,  TA,  HVA. 

Typhlocyba  sp.  RAE,  CAE,  TA,  HVA. 

T.  rosae  (L.)  (=Edwardsiana).  Nymphs  and 
adults  feed  on  apple,  rose,  and  elm  (Hoff- 
man 1942).  Hosts  are  apple,  rose,  plum,  and 
Rubus  sp.  (Beirne  1956). 

T.  ulmi  (L.)  (i=Ribautiana).  Responsible  for 
spotting  of  elm  leaves  (Hoffman  1942). 
Probably  introduced  from  Europe,  elm  is 
host  (Beirne  1956). 

Xestocephalus  brunneus  Van  D.  CAE,  TA, 
HVA.  Common  on  willow  and  black  locust 
in  Indiana  (Brown  1939). 

Xestocephalus  pulicarius  Van  D.  CAE,  TA, 
HVA.  Osborn  stated  Carex  vulpinoides  is 
normal  host  (Medler  1942). 


Fulgoridae  (Planthoppers) 

Acanalonia  bivittata  (Say).  CAE,  TA.  Abun- 
dant on  herbaceous  vegetation. 

A.  conica  (Say).  RAE,  CAE,  TA,  HVA. 

Amalopta  sp.  CAE,  HVA. 

Apache  degeeri  (Kby).  CAE,  TA. 

Cedusa  sp.  CAE,  TA.  Collected  on  herbaceous 
vegetation. 

Cixius  sp.  CAE,  TA.  Collected  on  herbaceous 
vegetation. 

Delphacodes  sp.  CAE,  TA.  Most  collected  on 
herbaceous  vegetation.  Species  of  this  genus 
are  vectors  of  rice  stripe  (Maramorosch 
1963),  oat  striate-dwarf,  wheat  striate  mo- 
saic (Prusa,  et  al  1959),  maize  rough  dwarf 
(Maramorosch  1963),  oat  dwarf  tillering, 
and  black-streaked  rice  dwarf  (Shinkai 
1962). 

Oliarus  sp.  CAE,  TA. 

O.  uicarius  Walker.  CAE,  TA. 


Ormenis  pruinosa   (Say).  RAE,  CAE  +  ,  TA, 
HVA.  Lives  on  elm  (Hoffman  1942). 

O.  septentrionalis  (Spin.).  CAE  +  ,  TA,  HVA. 
Hoffman  (1942)  lists  elm  as  host. 


O.   venusta  Melich.   CAE,  TA.   Collected  on 
herbaceous  vegetation. 

Thionia  sp.  CAE,  TA.  Collected  on  herbaceous 
vegetation. 
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Sawing 


Three   Methods 


ABSTRACT 

Three  different  methods  of  sawing  the  SHOLO  log  were  compared 
on  a  board-foot  yield  basis.  Using  sawmill  simulation,  all  three 
methods  of  sawing  were  performed  on  the  same  sample  of  logs, 
eliminating  differences  due  to  sampling.  A  statistical  test  was  made 
to  determine  whether  or  not  there  were  any  real  differences  between 
the  board-foot  yields.  Two  of  the  sawing  methods  provided  about  the 
same  board-foot  yields;  one  provided  about  40  percent  less. 


Tn  the  APPALACHIAN  AREA,  there  are 
large  quantities  of  low-grade  hardwood  logs 
that  cannot  be  profitably  converted  to  prod- 
ucts by  conventional  sawing  methods.  To 
solve  this  problem  for  factory-grade  3  and 
local-use  class  logs,  the  SHOLO  (from  SHOrt 
LOg)  concept  was  developed  (Reynolds  and 
Gatchell  1970).  The  SHOLO  concept  means 
that  each  processing  step  after  the  tree  is 
felled  is  aimed  at  producing  specific  products 
or  product  parts.  Long,  low-grade  logs  are 
bucked  into  SHOLO  logs,  which  contain  the 
desired  end  product  and  an  allowance  for  end 
trim.  Conventional  lumber  is  not  produced. 
If  the  SHOLO  procedure  is  used,  gross  de- 
fects are  eliminated  at  the  bucking  station; 
and  the  effect'  of  allowable  defects  can  be 
minimized  by  proper  positioning  of  the  SHO- 
LO log  relative  to  the  saw. 

It  is  easy  to  buck  the  SHOLO  log  from 
long  logs.  But  once  a  SHOLO  log  is  bucked, 
there  is  a  question  as  to  the  best  way  to  saw 
it  into  boards.  We  used  computer  simulation 
(Reynolds  and  Gatchell  1969)  to  compare 
three  different  methods  for  converting  SHO- 
LO logs  into  acceptable  parts  (Reynolds  and 
Gatchell  1970)  for  the  standard  48-  by  40- 
inch  warehouse  pallet.  Other  products,  such 
as  furniture  or  flooring  cuttings,  could  have 
been  made.  We  found  that  the  best  way  was 
to  live-saw  SHOLO  logs  into  boards  and  then 
selectively  rip  these  boards  into  pallet  parts. 
We  based  our  conclusion  on  yield  of  accept- 
able pallet  parts. 


Comparing  Sawing 

Methods  by 

Computer  Simulation 

Computer  simulation  provides  a  precise  way 
of  comparing  sawing  methods.  All  methods 
are  compared  on  the  same  sample  of  logs, 
thus  eliminating  any  sampling  error.  We 
chose  a  representative  sample  (Goho  and 
Wysor  1970)  of  150  factory-grade  3  red  oak 
logs  having  a  diameter  range  of  8  to  18  inches. 
These  logs  were  bucked  into  SHOLO  logs  for 
pallet  parts,  and  150  of  the  SHOLO  logs  were 


randomly  selected  for  study.  All  150  qualified 
for  the  length  class  (44  inches)  of  deck- 
boards  and  100  of  the  selected  SHOLO  logs 
qualified  for  the  length  class  (52  inches)  of 
stringers. 

Each  of  the  150  SHOLO  logs  was  actually 
live-sawed  into  1-inch  thick  boards.  The  loca- 
tion and  size  of  all  defects  in  each  board  were 
determined,  and  the  SHOLO  logs  were  then 
reconstructed  within  the  computer.  Then,  by 
computer  simulation,  the  SHOLO  logs  were 
sawed  into  boards,  using  three  preselected 
sawing  methods.  The  boards  were  then  con- 
verted into  pallet  parts.  Comparisons  of  saw- 
ing methods  were  based  on  yield  of  acceptable 
pallet  parts. 

The  standard  warehouse  pallet  (48  by  40 
inches)  contains  deckboards  that  are  1  inch 
thick  and  either  4  or  6  inches  wide  and  40 
inches  long  and  stringers  that  are  2  inches 
thick,  4  inches  wide,  and  48  inches  long.  For 
computer  simulation,  the  minimum  face  width 
in  live-sawing  for  the  first  cut  was  4  inches. 
The  thickness  of  boards  was  either  1  or  2 
inches  plus  i^-inch  saw  kerf.  Where  the  saw- 
ing method  called  for  production  of  cants,  one 
face  of  the  cant  was  either  4  or  6  inches  wide, 
and  the  adjacent  face  width  was  in  multiples 
of  product  thickness  (1  or  2  inches)  plus  re- 
saw  kerf.  Cant  dimensions  and  locations  were 
adjusted  to  optimize  part  production. 


Sawing  Methods 

Three  sawing  methods  were  combined  with 
the  SHOLO  concept  for  the  study:  (1)  selec- 
tive, (2)  gang,  and  (3)  combination.  The 
selective  method  (fig.  1)  is  based  on  live- 
sawing  SHOLO  logs  into  boards  and  selec- 
tively ripping  and  end-trimming  these  boards 
into  parts.  The  SHOLO  log  is  placed  on  the 
carriage  of  a  circular  saw  or  band  saw  with 
the  poorest  face  of  the  log  facing  the  saw 
blade  to  minimize  the  effects  of  allowable  de- 
fects. The  boards  are  positioned  manually  on 
the  ripsaw  to  obtain  the  desired  quality  of 
parts  of  prespecified  widths.  The  final  step  is 
to    end-trim    the    parts    to    specific    product 


Figure  1. — Selective-method  flow  chart. 
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Figure  2. — Gang-method  flow  chart. 
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lengths.  The  quahty  of  the  part  can  some- 
times be  increased  at  the  end-trim  station  by 
maneuvering  the  board  to  ehminate  end  de- 
fects. 

The  gang  method  (fig.  2)  produces  a  cant 
(or  cants  if  the  log  is  large  enough)  of  speci- 
fic dimensions  that  is  resawed  into  boards. 
When  end-trimmed,  these  boards  match  the 
preselected  product  dimensions.  The  gang 
method  gives  a  high  production  rate,  but 
about  30  percent  of  the  volume  of  the  SHOLO 
log  is  lost  because  the  slabs  are  not  used  for 
parts  production. 

The  combination  method  (fig.  3)  combines 
the  operations  of  the  selective  and  gang 
methods.  A  cant  is  produced  by  slabbing  the 
SHOLO  log  to  the  dimensions  required  by 
the  gang  method.  Subsequent  processing  of 
the  cant  is  the  same  as  that  for  the  gang 
method.  If  each  .slab  is  large  enough  to  pro- 


duce a  board  with  a  minimum  4-inch  face,  it 
is  resawed  into  pallet  cuttings,  which  are  then 
selectively  ripped  and  end-trimmed. 


The  Study 

Two  computer  simulation  programs  were 
used  to  determine  the  yield  of  acceptable 
product  parts.  Program  DEFECT,  which  con- 
tained the  SHOLO  log-defect  data  library, 
was  used  to  simulate  sawing  the  SHOLO  logs 
into  boards  according  to  the  sawing  pattern 
of  the  particular  sawing  method.  When  cants 
were  produced,  a  different  sawing  pattern  was 
used  for  each  1-inch  increment  of  log  diam- 
eter to  take  maximum  advantage  of  larger 
log  size.  The  output  of  program  DEFECT 
was  boards  with  all  defects  portrayed.  This 
output  was  used  as  input  to  program  YIELD, 
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Figure  3. — Combination-method  flow  chart. 
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which  simulates  the  ripping  and  end-trimming 
operations. 

Program  YIELD  searched  each  board  for 
the  widest  cutting  first.  Because  all  deck- 
boards  were  either  4  or  6  inches  wide,  pro- 
gram YIELD  would  always  seek  out  a  6-inch 
wide  cutting  from  all  boards  greater  than  6 
inches  in  width.  If  no  cutting  of  sufficient 
quahty  could  be  found,  the  program  searched 
for  satisfactory  4 -inch  wide  cuttings.  This 
operation  was  not  necessary  in  the  production 
of  stringers  because  they  were  all  4  inches 
wide. 

The  output  data  from  program  YIELD 
were  converted  to  board-foot  measure,  and  a 
yield  comparison  was  made  among  the  sawing 
methods. 


Comparing  Yields 

In  the  production  of  1-inch  (table  1)  and 
2-inch  thick  parts  (table  2),  the  selective 
method  produced  a  slightly  greater  board-foot 
yield  than  the  combination  method.  The 
selective  method  also  produced  the  highest 
percentage  of  wide  parts  (table  3).  Of  all 
three  methods,  the  gang  method  produced  the 
least  yield. 

Tests  were  made  by  means  of  covariance 
analysis  (data  available  upon  request)  to  de- 
termine whether  or  not  there  was  a  real  dif- 
ference of  board-foot  yields  among  the  sawing 
methods.  The  results  of  these  tests  showed 
that  there  was  no  real  difference  between  the 
board-foot  yields  of  the  combination  and  the 


Table  1 . — Board-foot  yields  of  1  -inch  thick  parts 
(by  computer  simulation) 


Number  of 

Diameter 
(inches) 

Board-foot  yields 

SHOLO  logs 

Gang 

Combination 

Selective 

7 

8 

15.68 

29.67 

26.85 

18 

9 

58.24 

93.33 

94.04 

12 

10 

40.71 

63.67 

65.88 

13 

11 

46.47 

91.23 

83.61 

16 

12 

83.63 

124.18 

125.38 

16 

13 

74.45 

162.09 

192.02 

17 

14 

157.54 

237.68 

256.50 

19 

15 

179.94 

280.42 

309.55 

6 

16 

75.45 

130.11 

162.80 

13 

17 

211.76 

327.23 

360.08 

13 

18 

249.37 

369.85 

401.30 

150 

— 

1,193.24 

1,909.46 

2,078.01 

Table  2. — Board-foot  yields  of  2-inch  thick  parts 
(by  computer  simulation) 


Number  of 

Diameter 

(inches) 

Board-foot  yields 

SHOLO  logs 

Gang 

Combination 

Selective 

5 

8 

10.68 

10.68 

13.35 

11 

9 

32.04 

66.75 

64.08 

9 

10 

48.06 

58.74 

66.75 

9 

11 

37.38 

74.76 

61.41 

9 

12 

37.38 

69.42 

72.09 

13 

13 

64.08 

120.13 

114.81 

10 

14 

109.47 

165.54 

197.58 

13 

15 

98.79 

200.25 

213.60 

4 

16 

53.40 

90.78 

109.47 

8 

17 

138.84 

226.95 

229.62 

9 

18 

216.27 

315.06 

331.08 

100 

— 

846.39 

1,399.06 

1,473.84 

Table  3. — Parts  yields  of  1 -inch  thick  parts 
(by  computer  simulation) 


Numbei 

r  of  parts 

Number  of 
SHOLO  logs 

Diameter 
(inches) 

Gang 

Combination 

Selective 

1x4 

1x6 

1x4 

1x6 

1x4 

1x6 

7 

8 

14 

0 

25 

1 

13 

7 

18 

9 

52 

0 

55 

19 

35 

33 

12 

10 

11 

17 

25 

21 

29 

20 

13 

11 

40 

1 

74 

5 

40 

24 

16 

12 

73 

0 

90 

14 

60 

33 

16 

13 

62 

4 

92 

35 

79 

62 

17 

14 

84 

38 

98 

74 

65 

110 

19 

15 

108 

35 

149 

66 

90 

125 

6 

16 

45 

15 

61 

37 

38 

72 

13 

17 

34 

104 

79 

143 

71 

168 

13 

18 

81 

95 

117 

143 

75 

190 

150 

— 

604 

309 

865 

558 

595 

844 

selective  methods.  However,  there  was  a  dif- 
ference between  the  board-foot  yields  of  the 
gang  method  and  the  other  two  methods. 
Comparison  of  regression  lines  showed  that 
the  board-foot  yield  of  parts  obtained  from 
the  gang  method  would  be  about  60  percent 
of  the  board-foot  yield  from  the  selective  or 
combination  method. 


Conclusions 

To  obtain  the  greatest  board-foot  volume, 
a  SHOLO  log  should  be  sawed  by  either  the 
selective  or  combination  method.  If,  however, 
a  greater  ratio  of  wide  to  narrow  cuttings  is 
desired,  the  SHOLO  log  should  be  sawed  by 
the  selective  method  because  more  selection 
is  available  at  the  ripping  station.  The  com- 
bination method  eliminates  any  selectivity 
within  the  cant  it  produces.  Although  the 
degree  of  quality  of  the  cuttings  is  beyond 
the  scope  of  this  paper,  we  believe  that  the 
selective  method  will  produce  the  highest 
quality  cuttings. 


The  gang  method  gives  a  high  production 
rate,  but  the  yield  will  be  about  40  percent 
less  than  from  the  selective  or  combination 
methods.  This  large  loss  is  due  primarily  to 
utilizing  the  slabs  for  a  secondary  product 
rather  than  parts.  The  use  of  the  gang  method 
is  not  advised  unless  a  very  high  price  is 
available  for  a  chipped  or  pulverized  secon- 
dary product.  In  most  areas,  the  value  per 
pound  of  parts  is  many  times  the  value  per 
pound  of  chips  or  other  secondary  products. 
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A  System  for  Gathering 
Small  Mammal  Mortality  Data 


Abstract 
As  an  aid  to  studying  vertebrate  predators  of  the  gypsy  moth,  a  radio 
telemetry  system  was  designed  to  detect  the  death  of  small  mam- 
mals and  facilitate  recovery  of  the  remains.  An  intraperitoneally 
implanted  radio  transmitter  is  triggered  by  the  drop  in  body  tempera- 
ture when  the  animal  dies.  The  device  was  tested  in  white-footed  mice. 


P  REDATION  by  the  white-footed  mouse, 
Peromyscus  leucopus  (Raf.),  is  important 
in  the  population  dynamics  of  the  gypsy  moth, 
Porthetria  dispar  (L.). 

Observations  on  many  forest  pests  not  only 
suggest  that  predation  processes  are  a  princi- 
pal deterrent  to  outbreaks  of  forest  insects, 
but  also  support  the  notion  that  much  of  this 
predation  is  by  birds  and  mammals  (Knight 
1958,  Buckner  1967,  Hamilton  and  Cook  1940, 
Morris  et  al.  1958,  Holling  1959). 

The  white-footed  mouse  preys  on  the  larger 
larvae  and  pupae  of  the  gypsy  moth;  and 
among  sparse  populations  of  the  insect,  this 
predation  determines  whether  these  popula- 
tions will  remain  innocuous  or  will  increase  to 
dangerously  high  levels  (Campbell  1967,  Bess 
et  al  1947). 

This  latter  fact  raises  the  possibility  that 
we  could  achieve  more  rational  management 
of  the  gypsy  moth  population  system  through 
measures  designed  to  promote  and  maintain 
more  dense  populations  of  this  predator.  Thus 
we  have  become  interested  in  what  might  be 
termed  "Peromyscus  management."  And  we 
think  that  any  rational  scheme  for  managing 
these  mammals  should  be  based,  in  part,  on 
a  thorough  understanding  of  the  sources  of 
their  mortality. 

But  unfortunately,  very  little  is  known 
about  the  role  of  naturally  occurring  mor- 
tality in  the  population  dynamics  of  Pero- 
myscus spp.  In  fact,  Terman  (1968)  in  a 
recent  monograph  on  Peromyscus,  stated: 
"The  data  presently  available  on  [Peromy- 
scus] populations  are  suggestive  of  sensitive 
controlling  mechanisms  which  are  by  no  means 
understood"  and  that  "the  demonstration  of 
factors  characteristic  of  or  associated  with 
population  control  in  nature  is  extremely 
difficult  and  almost  non-existent  in  the  litera- 
ture of  Peromyscus." 

We   think   a   new   approach,   which   incor- 


porates   the   following  premises,   might  shed 
new  light  on  this  problem: 

1.  A  transmitter  could  be  developed,  which 
would  be  small  enough  for  implanting 
intraperitoneally,  in  a  white-footed  mouse. 
This  transmitter  would  remain  effective  for 
at  least  2  years  and  would  switch  on  when 
the  host  died. 

2.  The  transmitter  unit  would  not  interfere 
with  the  life  processes  of  the  host  animal. 

3.  A  receiver  grid  could  be  developed  that 
would  assure  reception  of  transmitter  sig- 
nals. 

4.  Careful  autopsy  of  the  animal's  remains 
would  reveal  cause (s)  of  death. 

Our  progress  to  date  in  meeting  the  above 
objectives  is  reported  here. 


Background 

Although  the  success  of  a  mortality  moni- 
toring system  for  small  mammals  is,  to  a  large 
extent,  an  inverse  function  of  the  size  of  the 
implanted  radio  transmitter,  some  guidelines 
are  needed  to  establish  a  working  frame  of 
maximum  acceptable  size  and  weight.  Trans- 
mitter size,  in  the  case  of  Peromyscus,  was 
conceptually  constrained  by  the  size  of  the 
mature  bot  fly  larva,  a  generally  non-fatal 
parasite  of  this  genus.  Pending  results  of 
intensive  biological  testing,  a  weight  limit  for 
the  transmitter  was  set  at  about  1  g,  which 
is  about  5  percent  of  the  average  weight  of 
an  adult  mouse. 

The  transmitter  must  have  a  shelf  life  of 
2  years,  a  reasonable  transmitting  range,  and 
some  way  of  "sensing"  when  its  host  is  dead. 
Ideally,  a  continuously  running  transmitter 
would  not  only  allow  us  to  track  the  living 
animal,  but  would  also  allow  us  to  locate  the 
remains  after  the  animal  dies. 

Unfortunately,  the  amount  of  energy  avail- 
able from  present  energizers,  within  the  size 
restriction,  cannot  approach  that  necessary  to 
power  an  active  oscillator  for  2  years.  Thus 
the  oscillator  must  remain  passive  while  the 
mouse  is  alive,  and  switch  on  after  death  to 
meet  the  2-year  availability  requirement. 

Most  of  the  possible  ways  to  build  a  "death 
switch"  were  rejected  because  of  surgical  com- 


plexity, size  restriction,  and  electrical  limita- 
tions. Mathematical  investigation  of  several 
bimetallic  thermoswitch  configurations  demon- 
strated feasibility  of  this  method  and  led  to 
the  final  shape  design.  Empirical  trials  were 
used  to  determine  the  minimum  dimensions  of 
the  switch  for  reliable  control  of  the  oscillator. 

Several  types  of  blocking  oscillators  were 
considered;  the  chosen  circuit  was  selected  on 
the  basis  of  simplicity,  peak  power  from  a  1.3- 
volt  source,  and  relatively  narrow  band 
width.  Physical  layout  of  the  circuit,  com- 
ponent values,  and  coil  dimensions  were  op- 
timized for  small  size  and  stability. 

Nonmetallic  housing  was  needed  to  provide 
operating  space  for  the  thermoswitch  and  to 
protect  the  circuitry  against  both  corrosive 
body  fluids  and  direct  bites  by  predators.  The 
best  housing  shape  was  visualized  as  one 
that  would  allow  maximum  payload  insertion 
through  a  small  incision  while  minimizing  irri- 
tation to  internal  organs.  This  shape  was  found 
in  the  form  of  a  standard  medication  capsule. 
Both  glass  and  high-purity  alumina  ceramic 
were  investigated  as  housing  materials,  but  the 
problems  involved  in  construction  and  sealing 
encouraged  the  use  of  epoxy  for  potting  the 
transmitter,  followed  by  a  layer  of  paraffin  to 
seal  out  body  fluids  (Mackay  1970) ,  and  a  final 
coating  of  silicone  rubber  to  facilitate  han- 
dling and  surgical  implantation. 

Results 

The  transmitter  consists  of  an  energizer,  a 
thermoswitch,  and  an  oscillator  (fig.  1).  These 
are  secured  together  with  epoxy,  connected 
electrically,  and  encapsulated.  The  completed 
unit  is  sterilized  with  a  standard  solution  of 
zephiran  chloride  and  surgically  placed  in  the 
peritoneal  cavity. 

A  mercuric  oxide  energizer,  type  212,  pro- 
vides power  for  the  oscillator.  Connections  to 
the  energizer  are  made  by  capacitive-dis- 
charge  wire  welds  that  are  strain-relieved  with 
epoxy  cement. 

The  thermoswitch  (fig.  2)  is  based  on  .127 
mm    thick    bimetal    stock    (Chace    #6650)  ^ 


^Montion  of  a  product  is  for  information  only  and 
should  not  be  considered  a  recommendation  or  en- 
dorsement by  the  U.  S.  Department  of  Agriculture 
or  Forest  Service. 


Figure   1.  —  Electronics  assembly:  transmitter  parts 
mounted   with   epoxy  on  small  wafer. 


Figure  2.  —  Thermoswitch:  side  and  top  views. 


Figure  3.  —  Oscillator:  side  and  top  views. 


+  1.3v 


Figure  4.  —  Schematic  diagram:  oscillator.  Ci  —  .01  uf,  K  1800 
ceramic,  chip.  C2  —  .03  uf,  K  1800  ceramic,  chip.  C3 — 100  pf, 
NPO  ceramic,  chip.  C4  —  100  pf,  NPO  ceramic,  chip.  Ri  — 91K 
ohm,  thick  film.  R2  —  7.5k  ohm,  thick  film.  Qi  —  2N2369,  chip. 
Li  —  Air  core,  2.54  mm.  O.  D.,  10  turns  -30  enameled  wire,  close- 
wound,  tapped  at  4  turns  from  collector. 
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sheared  to  a  width  of  .66  mm  and  folded 
accordion-Uke  into  six  sections,  5.08  mm  in 
length.  Contacts  are  fastened  to  the  bimetal 
body  by  spot  welds  and  epoxy  cement.  The 
epoxy  provides  strain  relief  for  the  weld  joints 
associated  with  one  contact  and  secures  the 
second  contact  while  insulating  it  from  the 
bimetallic  body.  A  decrease  in  temperature 
closes  the  contacts;  contact  closure  is  tenta- 
tively set  at  26°C.  (Normal  body  temperature 
of  Peromyscus  is  about  34°C).  Platinum  wire 
is  used  for  the  switch  contacts  to  increase  the 
reliability  of  electrical  contact. 

The  blocking  oscillator  (fig.  3  and  4)  pro- 
duces bursts  of  radio  frequency  energy  at  46.8 
MHZ  with  a  repetition  rate  of  about  600 
pulses  per  sec.  Maximum  transmitting  range 
is  about  45  m,  with  no  external  antenna  con- 
nected to  the  oscillator,  and  with  a  quarter 
wave  (whip)  antenna  connected  to  the  re- 
ceiver. (Low-band  VHF  monitor,  with  an  AM 
detector  and  input  sensitivity  of  .7  uv  for  10:1 
signal  to  noise  ratio.) 

The  transmitter  components  are  protected 
by  carefully  encapsulating  the  electronics 
assembly.  A  heat  lamp  is  used  during  this 
process  to  create  a  microclimate  of  about 
30°C  at  40  percent  or  less  relative  humidity 
to  promote  optimum  curing  of  the  epoxy  and 
to  prevent  closure  of  the  switch  contacts  and 
subsequent  draining  of  the  energizers.  If  a 
fast-setting  epoxy  (Armstrong  A-36)  is  used, 
walls  can  be  formed  around  the  switch,  to 
allow  sufficient  clearance  for  unhindered  mo- 
tion of  the  mechanically  active  switch  contact. 

After  the  switch  is  completely  enclosed,  the 
oscillator  and  energizer  are  potted  with  the 
epoxy  and  the  unit  is  washed  in  acetone  for 
5  seconds,  then  filed  to  remove  any  sharp 
protrusions.  The  epoxy  capsule  is  covered 
with  paraffin  by  dipping  both  ends  separately 
into  a  paraffin  bath,  allowing  sufficient  time 
between  applications  for  the  first  to  cure  to 
handling  consistency.  An  overlap  between 
coatings  assures  adequate  sealing.  Silicone 
rubber  (Dow-Corning  3110  RTV)  is  then  ap- 
plied in  two  steps  as  above,  but  a  small  spat- 
ula is  used  to  apply  the  material.  Weights  of 
the  transmitter  and  its  components  are  listed 
in  table  1. 


Table   1 .  —  Weight  of  transmitter  parts 


Part 


Weight 
(g) 


Oscillator 

Thermoswitch 

Energizer 

Epoxy 

Paraffin 

Silicone    rubber 

Transmitter 


0.09 
.03 
.32 
.33 
.06 
.13 


.96 


Values    indicated    are    nominal.    Total    weight   may 
vary   ±  .04  g. 


Signals  are  received  from  the  transmitter 
by  a  grid  system  of  antennas  arranged  close 
enough  together  (about  15  m)  to  assure  re- 
ception of  signals  from  implanted  transmit- 
ters anywhere  within  the  grid  boundary.  The 
antennas  are  connected  sequentially  to  a  re- 
ceiver, which  is  modified  to  scan  a  frequency 
spectrum  around  the  operating  point  to  com- 
pensate for  carrier  frequency  differences  be- 
tween the  transmitters.  The  frequency  scan- 
ning mechanism  also  controls  the  antenna 
stepping  relay  so  that,  after  each  frequency 
scan,  the  next  antenna  in  the  interrogation 
sequence  is  connected  to  the  receiver  input. 

If  a  signal  is  present  at  an  antenna  when 
it  is  sequenced  onto  the  receiver  input,  an 
audio  relay  stops  the  frequency  scanning  as 
the  receiver  is  tuned  onto  the  signal.  A  delay 
circuit  allows  about  1  second  for  analysis  of 
the  signal  before  the  scanning  process  is  re- 
sumed. An  active  audio  bandpass  filter  fol- 
lowed by  a  detector  determines  whether  the 
signal  is  from  an  implanted  transmitter  or 
whether  it  is  extraneous.  The  input  of  the 
bandpass  filter  includes  a  limiter  circuit  to 
maintain  a  constant-amplitude  input  to  the 
filter.  In  the  detector,  rectification  and  inte- 
gration of  the  filter  output  converts  the  fre- 
quency-dependent AC  amplitude  to  DC  amp- 
litude, which  is  detected  by  a  Schmitt  trigger. 
If  a  valid  signal  is  detected  by  the  receiver,  the 
Schmitt  trigger  switches  to  the  "on"  or  "1" 
state. 

This  logic  level  of  "1"  is  stored  in  a  serial 
access  memory  at  the  address  dictated  by  the 
antenna  interrogation  sequence.  The  "1" 
state  also  activates  an  alarm,  which  may  be 
transferred  via  telephone  lines,  to  summon  an 


Figure   5. —  Receiving  system:   block  diagra 
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attendant  to  the  area.  (Block  diagram  of 
receiving  system  appears  in  figure  5.)  Using 
the  recorded  antenna  identification  and  a 
portable  receiver,  the  attendant  pinpoints  the 
location  of  the  dead  animal  and  collects  the 
remains. 

Surgical  procedure  for  successfully  implant- 
ing the  capsules  depends  to  some  extent  on 
careful  administration  of  anesthesia.  Meto- 
fane-  is  administered  initially  in  a  closed 
cage,  then  during  the  operation  as  needed, 
using  a  nose  cone.  The  incisions  in  the  skin, 
muscle  wall,  and  peritoneum  are  made  just 
large  enough  to  slip  the  capsule  in  (fig.  6); 
sutures  are  then  placed  separately  in  the 
muscle  wall  and  skin. 


-Metofaiie,  brand  of  mcthoxyflurane.  inhalalion 
anesthetic,  Pitman-Moore  Division  of  Dow  Chemical 
Company. 


Figure  6.  —  Inserting   the  transmitter  into  the   peri- 
toneal cavity. 


Responses  by  P.  Leucopus 
to  Transmitter  Implant 

The  first  implants  were  subcutaneously  lo- 
cated just  left  of  the  dorsal  midline  between 
the  shoulders  in  two  adult,  21  g  specimen 
Peromyscus  leucopus.  One  of  these  implants 
was  expelled  after  8  days,  while  the  other  re- 
mained for  16  weeks. 

Six  intraperitoneal  (IP)  implants  were  then 
made.  Of  these,  one  was  a  failure,  one  animal 
was  .sacrificed  and  examined,  and  the  four  re- 
maining mice  have  shown  no  noticeable  ab- 
normality after  42  weeks.  Examination  of 
the  sacrificed  mouse  disclosed  no  visible  tissue 
irritation  after  12  weeks  of  implantation.  The 
unsucce,ssful  IP  implant  involved  an  8.1-g 
juvenile,  which  died  5  days  after  the  opera- 
tion. Cau.se  of  death  was  not  determined,  but 
no  lesions  or  visible  signs  of  irritation  were 
found  in  the  peritoneal  cavity.  Weights  of 
the  five  successfully  implanted  mice  ranged 
from  12  to  19  g. 

Discussion 

Extensive  biological  testing  is  planned  to 
elucidate  any  subtle  effects  of  the  implant 
on  P.  Leucopus.  A  preliminary  test  of  the  basic 
system  was  conducted  on  a  i/2-^cre  island 
from  November  to  December  1971.  During 
this  time,  signals  were  received  from  two 
mice;  and  their  remains  were  recovered.  No 
attempt  was  made  to  determine  the  cause 
of  death. 


The  general  system  outlined  here  for  ob- 
taining mortality  data  on  small  mammals  is 
sufficiently  feasible  to  warrant  further  devel- 
opment and  implementation.  This  system  is 
being  evaluated  through  further  laboratory 
tests  and  field  trials. 
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ABSTRACT 

In  9  years  of  study  in  Maine,  the  author  developed  a  survey  method 
for  estimating  populations  of  yellow-bellied  sapsuckers  ( Sphyrapicus 
varius  varius  L. )  and  delineating  their  territories.  The  birds  were  at- 
tracted for  study  by  tapping  hardwood  dowels  to  imitate  noises  the 
birds  make  in  drumming  and  feeding. 


^HE  YELLOW-BELLIED  SAPSUCKER 
{Sphyrapicus  varius  varius  L.)  nests  in 
many  woodlands  in  the  northern  United 
States  and  Canada,  its  summer  range  extend- 
ing nearly  coast  to  coast  (Howell  1952  :  240). 
Although  we  have  some  information  about 
the  sapsuckers'  feeding  habits  related  to 
tree  sap  and  bark,  we  know  much  less  about 
the  benefits  they  may  provide  by  feeding  on 
insects  that  harm  trees,  and  we  do  not  fully 
understand  the  sapsuckers'  place  in  forest 
ecology. 

To  gain  that  understanding,  we  first  must 
know  how  to  find  sapsuckers  easily  so  they  can 
be  studied.  Nine  years  (1964  to  1972)  of  de- 
velopment, testing,  and  application  of  sap- 
sucker  calling  and  surveying  techniques  have 
provided  efficient  methods  for  finding  sap- 
suckers in  their  northern  nesting  territories. 

My  objective  is  to  describe  those  tech- 
niques and  the  results  of  a  survey  made  with 
them  in  1966.  Some  brief  explanations  of  sap- 
sucker  behavior  and  territorial  requirements 
will  assist  in  understanding  how  sapsuckers 


react  to  imitations  of  their  drumming  and 
feeding  sounds. 

In  1964,  I  began  developing  sapsucker  call- 
ing and  surveying  techniques  based  upon  imi- 
tations of  their  drumming  and  feeding  sounds. 
In  1966,  I  tested  the  techniques  in  Maine.  Al- 
though only  that  study  will  be  described  in 
detail,  some  applications  after  1966  suggest 
future  uses  for  the  techniques,  and  also  help 
verify  the  results  of  the  1966  study.  I  used 
the  same  survey  course  from  1966  to  1971  for 
an  annual  population  census;  sapsuckers  oc- 
cupied 16  of  the  same  23  territories  every 
year,  6  territories  were  occupied  5  years,  and 
1  territory  was  occupied  4  years  (unpublished 
data). 

In  1970,  I  adapted  the  techniques  for  pesti- 
cide monitoring  near  Oxbow  (lat.  46°  26'  N.), 
Aroostook  County,  Maine,  where  74  sap- 
suckers served  as  indicators  of  the  effects  of 
Accothion  on  birds  during  a  210,000-acre 
spruce  budworm  spraying  project.  (The  use 
of  trade  names  does  not  constitute  official  en- 
dorsement by  the  U.  S.  Department  of  Agri- 


culture.)  Sapsuckers  proved  to  be  an  ideal 
species  for  monitoring  (Rushmore  1971).  In 
1972,  I  monitored  103  sapsuckers  in  the  same 
area,  when  Zectran  was  used  on  a  500,000- 
acre  spruce  budworm  spraying  project  (un- 
published report). 

The  survey  techniques  were  used  by  another 
person  in  1970  to  begin  a  sapsucker  population 
census  in  New  Brunswick,  Canada.  And  I  have 
taken  many  photographs  of  sapsuckers,  found 
by  calling,  at  their  nests  and  feeding  trees. 
This  and  other  work  is  included  in  the  1,552 
hours  that  I  have  spent  observing  sapsuckers 
and  their  behavior  within  their  nesting  terri- 
tories, during  the  summers  of  1964  through 
1972;  and  it  supports  my  confidence  in  these 
techniques. 


METHODS 

Drumming  Imitations 

Several  authors  have  reported  that  sap- 
suckers can  be  called  by  imitating  their  normal 
drumming.  Saunders  (1929  :  451)  found  that 
sapsuckers  drummed  in  response  when  he 
rapped  a  stick  on  a  tree  stump.  Bent  (1939  : 
calling  three  sapsuckers  by  rapping  a  foun- 
128)  described  Wendell  Taber's  experience  in 
caUing  three  sapsuckers  by  rapping  a  foun- 
tain pen  on  a  dead  tree.  Howell  (1952  :  246, 
267)  imitated  drumming  to  attract  yellow- 
bellied  sapsuckers  of  the  three  western  races. 
Lawrence  (1967  :  34)  used  a  small  rock  or  the 
end  of  a  pencil  to  imitate  drumming.  I  also 
briefly  outlined  my  techniques  (Rushmore 
1969  :  5  and  1971  :  89).  All  of  these  imitations 
of  the  loud,  normal  drumming  are  basically 
similar.  None  of  those  reports  fully  describes  a 
systematic  survey  technique  or  imitations  of 
other  sounds. 

Although  a  wide  variety  of  objects  can  be 
used  to  imitate  the  drumming,  I  used  two  1- 
inch  hardwood  dowels,  one  18  inches  long,  the 
other  7  inches.  These  sizes  were  convenient  to 
use,  they  produced  a  desirable  tone,  and  they 
induced  sapsucker  responses  at  long  distances. 
I  put  a  screw-eye  into  the  end  of  each  stick 
and  fastened  them  together  with  a  2-foot 
length  of  cord.  With  the  cord  looped  over  my 
belt,    the    sticks    were    ready    for   use    when 


needed,  but  could  be  dropped  quickly  when 
binoculars  were  used. 

To  imitate  the  loud,  normal  drumming  of  an 
adult  male  sapsucker,  I  held  the  larger  dowel 
vertically  about  4  inches  from  the  top,  be- 
tween the  thumb  and  one  finger,  and  struck 
it  about  6  inches  from  its  bottom  with  the 
small  stick,  held  at  one  end. 

Sapsucker  drumming  can  be  distinguished 
easily  from  the  drumming  of  other  wood- 
peckers, because  only  the  sapsucker  uses  the 
slower,  spaced  taps  at  the  end  (Saunders 
1929  :  451).  To  imitate  the  male's  loud  drum- 
ming, I  made  a  series  of  hard,  short  rapid  taps 
lasting  about  1  second,  with  a  few  slower, 
louder,  spaced  taps  at  the  end,  like  this: 


The  time,  length,  and  number  of  taps  can 
vary  widely  and  still  produce  good  results.  A 
series  of  these  drummings  at  one  location  gen- 
erally are  required  to  get  a  response.  The 
sequence  that  I  used  was  to  drum  about  5  sec- 
onds and  pause  10  seconds,  then  repeat  that 
series  3  more  times.  If  no  response  was  received, 
I  paused  1  minute  and  then  repeated  the  first 
sequence.  Then  paused  2  minutes  and  —  if 
there  had  been  no  response  —  repeated  the 
first  two  sequences.  These  four  sequences  re- 
quired about  8  minutes.  First  responses  often 
occurred  during  the  pauses. 

New  Imitations 

I  had  planned  to  use  only  the  imitation  of 
the  loud,  normal  drumming  for  my  study,  but 
I  developed  three  new  imitations  in  April  and 
May  1966  which  substantially  improved  the 
survey  efficiency.  These  were  different  from 
drumming;  I  was  not  aware  of  any  earlier  use 
of  them.  Sapsuckers  are  highly  attracted  to 
imitations  of  their  feeding  or  drilling  on  live 
bark.  The  bark-feeding  taps  have  a  much 
softer  tone  than  drumming,  and  they  occur  in 
short  series  of  very  rapid  taps,  often  around 
the  inside  edges  of  existing  sap  holes.  This 
tapping  may  be  illustrated  as: 


The  bark-drilling  is  louder  and  slower  than 
the  bark  feeding,  but  much  softer  in  tone  than 
drumming.  These  sounds  are  easily  imitated 
with  the  same  sticks,  but  the  larger  dowel  is 


held  with  the  full  hand  to  reduce  the  reso- 
nance, and  much  less  force  is  used  than  when 
drumming. 

Better  response  was  also  obtained  from 
some  very  reluctant  birds  by  imitating  two 
birds.  Since  the  drumming  spots  chosen  by 
males  and  females  often  vary  in  resonance, 
it  is  easy  to  iinitate  two  birds  by  varying  the 
resonance  of  the  imitation.  To  do  this,  I  first 
imitated  the  male's  loud  drumming  as  pre- 
viou.sly  described.  Then  I  immediately  grasped 
the  stick  with  the  full  hand  at  the  same  place 
and  produced  a  softer,  shorter  drumming  of 
the  same  pattern.  This  muted  drumming  imi- 
tated the  second  bird. 

In  general,  I  used  the  male's  loud,  normal 
drumming  for  the  first  4 -minute  sequence  at 
each  station.  If  more  calling  was  needed,  I 
tried  a  combination  of  drumming  and  the 
male's  muted  bark-feeding  imitations.  When 
a  sapsucker  came  within  200  feet,  but  would 
not  approach  my  loud  drumming,  the  feeding 
imitation  generally  brought  it  to  within  50 
feet.  Then,  using  the  dowels,  or  softly  tapping 
a  pencil  or  pen  on  the  metal  of  my  binoculars 
to  imitate  a  feeding  or  drilling  sapsvicker,  I 
could  generally  bring  the  bird  closer  and  into 
good  position  for  positive  identification  — 
without  requiring  me  to  approach  the  bird 
and  risk  frightening  it.  Some  extremely  re- 
luctant birds  required  the  reassurance  pro- 
vided by  one  or  two  soft,  normal  drummings 
mixed  with  the  feeding  imitations. 

Finding  Sapsucker  Territories 

Finding  sapsucker  territories  is  the  key  to 
intensive  long-term  study  of  these  birds  on 
their  nesting  range.  For  this  study  I  defined 
a  sapsucker  territory  as  the  area  one  pair  of 
adult  birds  will  occupy,  nest  in,  feed  in,  and 
defend  for  at  least  one  nesting  season.  The 
approximate  boundaries  are  established  well 
before  the  incubation  period;  and  the  adult 
sapsuckers  will  aggressively  defend  the  terri- 
tory and  its  major  feeding  trees  by  evicting 
non-family  adult  sapsuckers,  at  least  during 
the  period  between  nest-hole  completion  and 
the  time  migrant  sapsuckers  begin  arriving 
in  the  fall. 

Although  there  are  some   differences,   this 


definition  is  essentially  in  agreement  with 
Lawrence's  (1967  :  32)  "woodpecker  terri- 
torial unit."  In  my  study  I  included  as  terri- 
tory that  part  of  the  range  that  contained 
major  feeding  trees  and  was  defended  against 
other  sapsuckers  and  my  imitations. 

On  20  and  21  April  1966,  I  laid  out  six  sur- 
vey lines  on  the  Penobscot  Experimental 
Forest  (lat.  44°  50'  N.),  near  Bradley,  Pen- 
obscot County,  Maine.  The  forests  in  this  area 
generally  contain  a  mixture  of  conifers  and 
hardwoods,  in  a  wide  range  of  tree  sizes  and 
stand  densities.  The  lines  varied  in  length 
from  2,000  to  6,400  feet  and  totalled  5  miles; 
they  were  on  gravel  or  logging  roads,  all  within 
woodlands,  and  were  well  distributed  through- 
out the  4,000-acre  forest. 

The  area  I  considered  to  be  covered  effec- 
tively by  the  survey  was  400  feet  each  side  of 
the  lines.  Sixty  census  stations  were  located 
at  400-foot  intervals  along  these  lines,  and 
they  provided  a  12 -percent  survey  of  the 
forest.  Each  station  was  visited  eight  times  in 
1966,  twice  during  each  of  four  periods:  2  to 
18  May  (in  the  pre-nesting  period);  3  to  16 
June  (in  the  nesting  period);  19  July  to  2 
August  (after  nesting);  and  22  August  to  2 
September  (before  migration).  Intensive  ob- 
sei-vations  also  were  made  within  some  in- 
dividual territories  on  other  dates. 

At  each  visit  to  a  station,  drumming  and 
feeding  sounds  were  imitated  as  previously 
described.  Sapsucker  responses  were  recorded 
on  a  new  field-data  map  for  each  station;  maps 
made  earlier  were  not  reviewed  in  the  field. 
Preprinted  maps  permitted  fast  recording.  The 
station  was  in  the  center  of  four  circles  spaced 
100  feet  apart;  a  hne  through  the  center  rep- 
resented the  road  and  served  to  orient  the 
map.  A  line  was  drawn  from  my  position  to 
each  new  estimated  position  of  a  responding 
bird.  The  estimated  distance  and  direction, 
the  time,  the  manner  of  response  (drum,  call, 
or  silent  approach),  and  age  and  sex  of  the 
bird,  if  determined,  were  all  recorded  for  birds 
either  heard  or  observed.  About  3]-^  hours 
were  needed  for  one  round  trip  over  each  mile 
of  survey  line. 

Survey  work  generally  was  done  between 
0830  and  1600  hours.  Eastern  Daylight  Saving 
Time.  Binoculars  used  were  8.5  x  44.  While 


at  the  stations  I  used  no  concealment  or  spe- 
cial clothing.  I  stood  at  the  road  edge,  and 
in  shade  if  it  was  available. 

RESULTS  AND  DISCUSSION 

Sapsucker  Response 
to  Imitations 

I  estimated  the  population  of  sapsuckers  in 
the  survey  strips  to  be  138  birds:  2  adults  and 
an  estimated  4  juveniles  in  each  of  23  terri- 
tories. These  birds  responded  to  imitations  of 
drumming  and  feeding  sounds  341  times  — 
counting  a  bird  only  once  each  trip.  Adults 
responded  237  times  and  juveniles  104.  Adults 
included  77  males,  50  females,  and  110  whose 
sex  was  unidentified.  Juveniles  included  26 
males,  59  females,  and  19  whose  sex  was  un- 
identified. Some  juveniles  that  I  recorded  as 
females  might  have  been  males  without  red 
on  their  throats,  but  all  juveniles  recorded  as 
males  had  red  on  their  throats,  as  commonly 
occurs  even  on  some  nestlings  in  this  region. 

Sapsucker  response  to  imitations  varied 
with  the  seasons.  Within  the  23  best  terri- 
tories, on  all  8  trips  over  the  survey  lines,  I 
obtained  responses  from  adult  or  young  sap- 
suckers  during  61  percent  of  the  visits.  The 
percentages  of  responses  obtained  during  the 
four  seasons  were:  pre-nesting  87,  nesting  61, 
post-nesting  54,  and  pre-migration  41. 

Response  of  both  males  and  females  was 
good  from  the  time  the  birds  arrived  in  the 
spring  until  actual  nesting  began,  then  re- 
sponses steadily  decreased.  During  incubation 
of  the  eggs,  neither  the  male  nor  female 
was  available  for  response  while  in  the  nest. 
The  bird  outside  frequently  was  busy  obtain- 
ing food  before  its  next  turn  in  the  nest  and 
generally  required  more  coaxing  before  it 
would  respond  to  imitations. 

In  known  territories  where  I  had  not  ob- 
tained a  response  on  a  particular  day,  it  was 
easy  to  enter  the  territories  later  and  find  the 
birds  by  using  the  imitations,  or  by  going  to 
the  nest  or  a  feeding  tree  that  I  had  found 
earlier.  This  verified  that  they  had  been  pres- 
ent but  refused  to  respond. 

This  apparent  lack  of  concern  did  not  ex- 
tend to  the  actual  encroachment  of  strange 


sapsuckers.  I  saw  many  aggressive  territorial 
defenses  during  all  seasons,  and  strong  de- 
fense continued  until  migrant  sapsuckers  be- 
gan arriving  in  the  fall.  Only  then  were  strange 
adult  sapsuckers  tolerated  within  the  terri- 
tory, and  only  on  the  sap  trees  not  being  used 
by  family  members.  Occasionally,  before  mi- 
gration, juvenile  sapsuckers  that  had  strayed 
from  an  adjacent  territory  within  several 
weeks  after  fledging  were  tolerated  within  a 
territory,  but  they  were  driven  from  sap  trees 
being  used  by  family  members.  Even  the  local 
juveniles  participated  in  this  defense.  This  is 
best  observed  when  the  local  juveniles  are 
color-banded  (Rushmore  1971). 

The  increasing  independence  of  juvenile 
sapsuckers  sharply  increased  their  response  to 
imitations  by  late  July.  (Earlier,  adults  com- 
monly drove  their  juveniles  away  from  my 
imitations,  often  with  vigorous  attacks.)  When 
I  was  within  a  territory,  there  generally  was 
at  least  one  juvenile  that  quickly  left  the 
sap-tree  area  and  came  to  my  imitations.  That 
response  was  very  helpful  during  my  1970  and 
1972  pesticide  monitoring,  when  I  wished  to 
verify  the  survival  of  color-banded  juveniles 
(Rushmore  1971  :  98). 

The  weather  also  seemed  to  have  some  in- 
fluence on  responses.  Fewer  responses  were 
obtained  when  strong  winds  whipped  tree 
branches  together  and  made  excessive  noise. 
Then  I  could  not  hear  birds  unless  they  were 
close.  Heavy  rain  and  snow  seemed  to  reduce 
responses  on  9  May  when  some  sapsuckers 
took  shelter  in  old  sapsucker  nests.  Warm, 
gentle  rain  and  calm  wind  did  not  seem  to 
deter  responses.  At  temperatures  well  above 
80°F,  birds  seemed  to  be  less  active;  other- 
wise, temperature  and  cloud  cover  seemed  to 
have  little  effect  on  the  responses  I  observed. 

Supplemental  observations  suggested  that 
best  response  after  midsummer  may  be  ob- 
tained from  about  0600  to  1000  hours  EDT. 
Early  spring  drumming  and  calling  among  sap- 
suckers, unprovoked  by  imitations,  appeared 
to  occur  at  peak  intensities  on  calm,  sunny 
days,  and  those  were  optimum  for  surveys. 
Some  birds  may  have  been  missed  on  surveys 
made  during  strong  wind  and  rain,  and  these 
generally  required  another  trip  over  a  line. 


First  Responses 

Sapsuckers  make  two  distinct  calls.  Most 
frequently  heard  was  a  call  that  to  me  re- 
sembled CREE;  it  was  usually  repeated  sev- 
eral times.  It  often  was  used  by  unsuspecting 
birds  to  answer  my  drumming.  Birds  using  it 
generally  responded  further.  The  other  call 
resembled  a  drawn-out  CAY,  given  when  they 
were  alarmed.  Birds  voicing  it  sometimes 
would  not  respond  further  to  imitations  of  any 
kind;  but  if  they  did,  the  drilling  and  feeding 
imitations  worked  best. 

Throughout  the  survey  the  most  frequent 
first  response  among  237  birds  was  calling: 
49  percent  responded  by  calling,  28  percent  by 
drumming,  and  23  percent  by  coming  without 
either  calling  or  drumming.  Most  of  the  drum- 
ming response  occurred  in  the  pre-nesting  sea- 
son, when  it  exceeded  calling.  Later,  calling 
exceeded  drumming.  Most  of  the  silent  ap- 
proaches occurred  during  the  pre-migraticn 
season. 

Among  192  adults  that  made  their  first 
response  by  drumming  were  56  males,  18 
females,  and  118  whose  sex  I  could  not  deter- 
mine. I  saw  only  four  juveniles  drum  in  re- 
sponse to  my  imitations;  their  responses  oc- 
curred 29  July  and  later;  one  of  these  juveniles 
was  female  and  one  male;  I  could  not  deter- 
mine the  sex  of  the  other  two.  Birds  responded 
more  by  calling.  Drumming  often  required  a 
flight  to  a  known  drumming  place. 

Calling  Birds  Nearer 

Among  257  sapsuckers  that  responded,  I 
called  70  to  within  100  feet,  and  many  of  them 
came  much  nearer  —  often  to  within  20  feet 
or  less.  Of  the  189  adults,  120  came;  of  the  68 
juveniles,  60  came  within  100  feet.  Birds  that 
responded  repeatedly  but  would  not  leave 
their  territory  and  come  to  the  stations  could 
easily  have  been  approached. 

Adults  were  first  seen  at  distances  averaging 
about  180  feet  and  were  called  to  within  dis- 
tances averaging  40  feet.  For  juveniles  these 
distances  were  about  120  and  35  feet.  Many 
of  the  adults  in  the  23  territories  soon  were 
called  to  within  100  feet.  The  first  trip  in  early 
May  brought  in  43  percent  of  the  females  and 
56  percent  of  the  males.  After  the  second  trip 
in  May,  74  percent  of  the  females  and  91  per- 
cent of  the  males  had  come  within  100  feet. 


My  imitations  of  feeding  and  driUing 
sounds  were  more  effective  for  bringing  sap- 
suckers close  to  me  than  was  the  imitation  of 
their  loud  normal  drumming.  Among  162  sap- 
suckers that  I  called  to  within  100  feet,  82 
percent  came  to  the  feeding-driUing  imita- 
tions, 16  percent  came  to  the  loud  drumming, 
and  2  percent  came  to  the  muted  drumming. 

The  feeding  and  drilling  imitations  seemed 
to  convince  sapsuckers  that  another  sapsucker 
was  nearby.  They  often  came  within  30  feet 
and  searched  the  lower  trunks  of  10  or  more 
trees  in  a  circle  around  me,  and  they  would 
return  repeatedly  if  the  feeding  imitations 
were  used  as  they  started  to  leave.  It  was  not 
unusual  for  a  bird  to  fly  directly  toward  me 
and  then  zoom  off  when  about  5  feet  away; 
I  assumed  they  believed  another  sapsucker 
was  at  my  location,  even  when  I  was  not  near 
a  tree.  My  lack  of  concealment  did  not  seem 
to  deter  them  —  until  after  they  had  searched 
the  trees  ■ —  provided  I  did  not  move  except 
to  make  the  imitations  when  the  birds  did  not 
see  my  movements.  Imitations  of  bark  feeding 
were  especially  useful  for  bringing  reluctant 
birds  close,  to  induce  responses  late  in  sum- 
mer, and  to  coax  birds  into  position  for  easy 
observation  and  identification. 


Territories  Found 

Sapsucker  responses  revealed  feeding,  nest- 
ing, and  defense  locations  within  their  terri- 
tories, but  allowed  only  approximate  estimates 
of  territorial  boundaries.  That  estimate  was 
made  later  by  making  a  composite  map  from 
the  information  on  the  eight  maps  for  each 
station;  the  number  of  response  locations 
averaged  27  per  territory  and  varied  from  13 
to  52.  Enclosing  these  locations  with  a  line 
gave  a  rough  estimate  of  the  territory  bound- 
aries. 

These  survey  techniques  do  not  enable  an 
observer  to  remain  at  stations  and  precisely 
identify  all  territorial  boundaries.  But  after 
a  territory  has  been  found,  it  can  be  entered 
for  more  intensive  studies,  and  I  later  verified 
the  boundaries  of  several  territories  that  way. 
Often  the  conflicts  between  sapsuckers  from 
two  different  territories  indicated  boundaries 
that  later  proved  to  be  very  stable  —  even  for 
several     years.     My     imitations     frequently 


seemed  to  perpetuate  those  conflicts,  espe- 
cially in  early  spring  before  the  birds  had  set- 
tled their  boundary  disputes. 

Sapsucker  territories  occupied  about  47 
percent  of  the  survey  strips.  An  unoccupied 
buffer  zone  occurred  between  each  of  21  terri- 
tories and  the  adjacent  one,  and  the  buffer 
generally  was  at  least  as  large  as  a  territory. 
The  other  two  territories  were  separated  only 
by  a  road,  which  served  as  a  boundary  for  the 
same  male  (banded)  for  at  least  three  years; 
adverse  habitat  surrounding  these  territories 
apparently  forced  this  crowding. 

The  23  territories  were  at  least  partly  within 
the  survey  strips.  Nineteen  of  the  23  final  ter- 
ritories were  found  on  20  and  21  April  1966, 
by  using  a  4-minute  drumming  sequence  at 
each  station  during  survey  line  establishment. 
However,  I  withheld  final  judgment  of  the  ap- 
proximate territory  location  until  after  all 
eight  trips  over  the  survey  lines  had  been  com- 
pleted on  2  September  1966.  Four  more  ter- 
ritories, well  beyond  the  800-foot  strips,  were 
occupied,  but  I  discarded  them  when  reliable 
responses  were  no  longer  obtained  in  late  sum- 
mer; that  is  typical  of  distant  birds. 

The  existence  of  all  23  territories  became 
apparent  during  the  first  two  trips  over  the 
survey  lines  in  May.  No  new  territories  were 
found  after  that,  and  I  believe  these  were  the 
only  territories  that  occupied  part  of  the  800- 
foot  survey  strips.  As  noted  earlier,  16  of  these 
same  territories  were  occupied  every  summer 
during  the  6-year  population  census  that  fol- 
lowed this  study. 

The  23  territories  averaged  about  7.6  acres 
in  size,  and  their  approximate  dimensions  were 
720  by  460  feet.  That  acreage  agrees  reason- 
ably well  with  Lawrence's  (1967  :  31)  "terri- 
torial ranges"  of  5.1  and  5.4  acres.  My  terri- 
tories generallv  were  smaller  when  the  habitat 
or  adiacent  sapsuckers  compelled  crowding 
of  adults,  and  territories  normally  were  larger 
when  there  was  less  competition.  Similar  situ- 
ations occurred  in  Aroostook  County,  Maine, 
in  1970  and  1972  (Bushmore  1971;  impuh- 
lished  report  1972). 

There  was  a  common  reaction  to  my  imita- 
tions that  helped  identify  a  territory  bound- 
ary. Before  nesting  some  sapsuckers  would 
leave  their  territories,  come  part  of  the  dis- 


tance toward  me,  and  challenge  my  drumming. 
Then  they  normally  would  retreat  as  I  came 
closer  and  drummed,  and  they  would  stay  and 
defend  only  within  their  territories. 

These  defenses  were  aggressive  and  included 
close  approaches  to  my  imitations.  My  drum- 
ming frequently  went  unchallenged  when  800 
or  more  feet  from  known  territories,  then 
would  be  challenged  promptly  at  about  400 
feet.  The  same  birds  occasionally  would  come 
to  several  stations  within  their  territory,  their 
approach  being  traced  by  frequent  responses 
recorded  on  maps. 

Unmated  birds,  and  mated  birds  in  terri- 
tories with  unsettled  boundaries,  often  came 
farther  than  did  well-established  or  paired 
adults.  For  example,  an  apparently  unmated 
male  followed  my  drummings  for  1,200  feet 
on  28  April  1966.  On  7  May  1968,  an  appar- 
ently unmated  female,  with  all  the  adult  mark- 
ings, except  that  she  had  no  red  on  her  head, 
followed  my  drummings  for  1,600  feet,  the 
longest  distance  I  have  recorded.  These  are 
exceptionally  long  distances,  but  similar  ac- 
tions occur  with  enough  frequency  so  that  an 
observer  should  be  aware  of  them.  These  ac- 
tions are  easily  identified  when  they  occur, 
because  the  birds  drum  or  call  frequently  and 
reveal  their  routes  from  one  station  to  another. 


Response  of  Other  Woodpeckers 

Other  species  of  woodpeckers  occasionally 
responded  to  my  imitations  of  sapsucker 
drumming.  Their  responses  included  drum- 
ming and  gradual  approach.  I  have  seen  and 
heard  the  normal  drumming  of  our  five  other 
common  woodpeckers,  and  these  differed  from 
the  drumming  of  the  yellow-bellied  sapsucker 
in  speed,  loudness,  or  drumming-place  selec- 
tion; and  they  did  not  include  the  sapsuckers' 
spaced  taps  at  the  end. 

Occasionally,  I  saw  and  heard  sapsuckers 
omit  those  spaced  taps,  but  normal  drumming 
soon  was  resumed.  I  have  never  seen  another 
woodpecker  use  the  spaced  taps  as  an  ending, 
and  that  is  a  key  element  of  this  survey  tech- 
nique. When  the  taps  occurred,  I  was  con- 
fident that  it  was  a  sapsucker  —  no  matter 
how  far  away  it  was,  nor  whether  I  saw  the 
bird. 


Sapsuckers  were  the  most  abundant  wood- 
peckers I  observed  on  the  study  area,  account- 
ing for  82  percent  of  the  348  woodpecker 
observations.  Among  the  other  woodpeckers 
were  9  percent  flickers  (Colaptes  auratus),  6 
percent  hairy  woodpeckers  ( Dendrocopus 
viUosus),  1.5  percent  downy  woodpeckers 
(Dendrocopus  pubescens) ,  and  1..5  percent 
pileated  woodpeckers  (Hylatomus  pileatus). 
The  few  arctic  three-toed  woodpeckers  (Pi- 
coides  arcticus)  were  observed  when  sap- 
suckers  were  not  present;  these  were  not  in- 
cluded in  this  summary. 


they  permit  observation  of  sapsuckers  at  the 
time  an  observer  wants  them.  Many  more  sap- 
suckers can  be  located  in  a  short  time  than 
would  be  possible  by  depending  on  the  birds' 
unprovoked  sounds  or  actions. 

The  calling  and  surveying  techniques  should 
prove  useful  in  sapsucker  studies  of  many 
types.  They  should  be  especially  helpful  in 
activities  such  as  pesticide  monitoring,  popu- 
lation census,  banding,  photography,  birding, 
and  national  programs  such  as  the  Breeding 
Bird  Census  and  North  American  Nest  Record 
Card  Program. 


Drumming  Versus  Birding 

Although  I  did  not  originally  plan  to  com- 
pare the  drumming  technique  with  other  tech- 
niques, I  did  record  sapsuckers  observed  while 
making  my  silent  return  trips  along  each  of 
the  survey  lines.  This  provided  a  basis  for  only 
a  rough  comparison  of  the  drumming  and  bird- 
ing techniques,  because  I  walked  faster  than 
normal  during  birding,  and  I  spent  more  time 
on  the  survey.  However,  my  silent  return  trips 
never  located  as  many  sapsuckers  as  the  imi- 
tations had.  Birds  seldom  came  close  enough 
or  stayed  long  enough  to  be  fully  identified. 
My  imitations  located  2 14  to  9  times  more 
adult  sapsuckers. 

Even  during  the  spring  drvmiming  season 
it  is  common  for  sapsuckers  to  do  no  voluntary 
drumming  for  periods  of  several  hours.  There- 
fore, an  advantage  of  these  techniques  is  that 
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ABSTRACT 

This  report  is  an  attempt  to  integrate  and  summarize  research 
results  from  studies  made  mostly  in  West  Virginia  and  to  show  the 
relationship  of  site  quality  and  cutting  practices  to  hardwood  repro- 
duction, with  special  emphasis  on  species  composition.  Reproduction 
has  been  found  satisfactory  in  numbers  and  distribution  after  both 
clearcutting  and  selection  cutting,  but  the  species  composition  differs 
greatly;  shade-tolerant  species  predominate  after  selection  cutting, 
but  generally  a  good  proportion  of  the  regeneration  that  follows 
clearcutting  will  be  composed  of  intolerant  species  —  depending 
somewhat  on  the  density  of  advance  reproduction  and  the  abundance 
and  species  composition  of  stump  sprouts.  Site  quality  influences 
the  species  composition  of  reproduction  after  cutting,  and  the  effect 
is  greater  with  clearcutting  than  with  selection  cutting.  After  clear- 
cutting,  on  the  excellent  sites  we  can  expect  a  good  representation 
of  yellow-poplar  and  black  cherry;  and  on  the  fair  sites  we  can  ex- 
pect a  variable  number  of  oak  stems.  After  selection  cutting,  we  get 
beech  and  sweet  birch  on  both  sites  with  sugar  maple  predominant 
on  the  excellent  site  and  red  maple  better  represented  on  the  fair 
site.  When  group  selection  or  patch  cutting  is  the  reproduction 
method,  and  where  the  objective  is  a  good  species  mix  including 
some  intolerants,  results  of  research  suggest  that  openings  should 
be  at  least  V2  acre  and  preferably  1  acre.  Some  factors  other  than 
site  quality  and  cutting  practice  that  affect  the  nature  of  regenera- 
tion are:  species  composition  of  the  overstory,  season  of  cutting, 
density  of  low  vegetation,  presence  of  grapevines,  and  damage  by 
spring  frosts. 
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INTRODUCTION 

'Phis  is  a  report  of  results  from  re- 
search and  observations  made  mostly  on 
the  Fernow  Experimental  Forest  near  Par- 
sons in  northern  West  Virginia.  Many  of  the 
data  were  generated  by  long-range  research — 
in  some  instances  as  long  as  20  years.  Where 
appropriate,  data  from  other  areas  are  used 
to  expand  or  substantiate  results  from  Fernow 
studies.  In  the  main,  this  is  a  summary  and 
integration  of  information  already  published 
piecemeal  in  a  number  of  other  sources. 

In  evaluating  the  information  presented 
here,  the  reader  should  keep  in  mind  that  deer 
browsing  on  the  Fernow  or  in  most  of  West 
Virginia  is  not  a  serious  deterrent  to  obtain- 
ing satisfactory  reproduction,  as  it  is  in  many 
hardwood  forest  areas.  On  the  Fernow,  only 
about  3  to  4  percent  of  the  woody  stems  are 
browsed  each  year;  and  the  deer  herd  prob- 
ably does  not  exceed  15  animals  to  the  square 
mile  (Cromer  and  Smith  1968).  Moreover, 
because  of  the  dispersion  of  cutting  opera- 
tions, deer  browsing  is  not  concentrated. 

DESCRIPTION  OF  THE  FERNOW 
EXPERIMENTAL  FOREST 

The  Fernow  Experimental  Forest,  a  3,640- 
acre  tract  on  the  Monongahela  National  For- 
est, is  an  outdoor  laboratory  for  studies  in 
managing  mountainous  forest  land.  The  forest 
stands  here  are  second-growth  hardwoods  dat- 
ing from  around  1905,  when  heavy  cuttings 
were  made,  with  a  varying  admixture  of  old- 
growth  stems.  In  topography,  history  of  cut- 


ting, climate,  and  variety  of  species,  the 
Fernow  Forest  is  representative  of  much  of 
the  timberland  in  West  Virginia  and  adjacent 
states. 

Almost  all  Fernow  soils  are  well-drained, 
medium-textured  loams  and  silt  loams.  Most 
are  derived  from  sandstone  and  shale,  but 
some  excellent  sites  are  underlain  by  lime- 
stone. Average  soil  depth  is  about  3  feet. 
Based  on  site  index,  almost  all  areas  on  the 
Fernow  can  be  rated  as  fair,  good,  or  excel- 
lent. These  designations  correspond  to  oak 
site  indexes  60,  70,  and  80  feet  plus. 

In  this  hardwood  forest,  upland  oaks  are 
the  most  common  species  group.  Northern  red 
oak,  which  is  found  on  all  sites,  is  most  abun- 
dant. Chestnut  oak  and  white  oak  are  the  next 
most  abundant  oaks.  These  two  species,  al- 
though seldom  found  on  the  excellent  sites, 
are  more  common  than  red  oak  on  the  fair 
sites.  Scarlet  and  some  black  oak  can  also 
be  found  on  fair  sites. 

Sugar  maples  are  numerous  on  all  but  the 
fair  sites,  and  beech  covers  the  site  range  but 
is  most  frequent  on  the  good  sites.  Yellow- 
poplar  makes  up  a  large  part  of  excellent  and 
good  site  stands,  along  with  black  cherry, 
white  ash,  hickory,  and  basswood.  Scattered 
trees  found  in  mixture  on  the  better  sites  in- 
clude yellow  birch,  cucumbertree,  butternut, 
and  elm. 

Red  maple,  black  locust,  sweet  birch,  and — 
to  a  lesser  extent — Fraser  magnolia  are  con- 
sistent but  generally  minor  components  of  the 
forest  on  all  sites.  However,  these  species  are 
more  common  on  the  good  and  fair  sites. 
Black  gum,  sassafras,  and  sourwood  are  fair- 
site    trees    of   little    commercial    importance. 


Among  the  scrubby  tree  species  are  flowering 
dogwood,  pin  cherry,  striped  maple,  eastern 
hophornbeam,  and  downy  serviceberry. 

GENERAL  CONSIDERATIONS 

Most  of  the  study  results  summarized  here 
were  obtained  on  areas  that  ranged  in  size 
from  2  to  80  acres.  The  major  variables  whose 
relationships  to  reproduction  are  reported  are 
site  quality  and  cutting  practice. 

Site  quality  was  expressed  for  each  area  on 
the  basis  of  average  oak  site  index  (Schnur 
1937)  taken  from  grids  of  site-measurement 
points.  Although  site  quahty  is  a  continuous 
variable,  it  is  not  subject  to  precise  measure- 
ment; and  it  is  usually  expressed  for  con- 
venience as  a  discrete  variable  (generally  by 
10-foot  site-index  classes),  thus  weakening 
the  true  expression  of  its  real  relationship  to 
reproduction. 

Cutting  practices  were  expressed  in  the 
context  of  harvesting  systems  such  as  clear- 
cutting,  individual-tree  selection  cutting,  and 
diameter-limit  cutting. 

In  Appalacian  hardwood  stands,  the  quality 
of  the  site  is  strongly  expressed  in  the  species 
that  predominate  in  stands  originating  from 
the  same  type  of  cutting.  For  example,  yellow- 
poplar  is  abundant  after  clearcutting  on  excel- 
lent sites,  but  it  is  rarely  found  on  poor  sites. 
And  chestnut  oak,  while  abundant  on  poor 
and  fair  sites,  is  sparse  on  excellent  sites.  It 
is  generally  considered  that  the  more  demand- 
ing species  in  terms  of  moisture  and  nutrients 
are  better  competitors  on  good  sites  but  com- 
pete less  successfully  with  the  less-demanding 
species  on  sites  of  low  moisture  or  nutrient 
status. 

The  influence  of  cutting  practice  is  strongly 
expressed  through  its  effect  on  the  amount  of 
light  that  reaches  the  forest  floor  and  the 
understory  vegetation.  Because  different 
species  of  trees  react  differently  to  different 
light  intensities,  the  degree  of  overhead  can- 
opy removal  has  a  strong  effect  on  the  species 
that  germinate,  develop,  and  grow.  The  key 
to  evaluating  light  effects  is  the  inherent 
shade  tolerance  of  the  species  involved.  The 
term  as  used  here  refers  to  the  ability  of  the 
plant  to  survive  under  deep  shade.  As  ex- 


amples of  different  species  tolerance,  sugar 
maple  is  considered  to  be  very  tolerant,  and 
black  locust  is  rated  as  very  intolerant.  The 
tolerance  of  a  given  species  is  known  to  vary. 
Baker  (1950)  said  that  young  trees  are  more 
tolerant  than  old  trees;  trees  growing  on 
moist,  rich  soils  seem  to  be  more  tolerant  than 
the  average  of  the  species;  and  tolerance 
seems  to  be  greater  in  the  southern  part  of 
the  range  of  a  tree. 

A  number  of  other  variables  whose  influ- 
ences have  only  weakly  or  indirectly  been 
measured — if  measured  at  all — also  affect  the 
establishment  and  development  of  reproduc- 
tion, and  some  of  these  are  discussed. 

THE  NATURE  OF  REPRODUCTION 

What  is  the  Nature  of  Advance 
Reproduction  Before  Cutting? 

Because  advance  reproduction  may  have 
the  potential  to  form  a  large  part  of  the  new 
stand  after  cutting,  it  is  important  that  we 
have  good  information  about  it.  Depending 
on  the  objectives  of  management  and  on  the 
characteristics  of  this  advance  reproduction, 
we  may  elect  to  rely  on  it  for  the  next  crop, 
or  we  may  decide  to  destroy  all  or  selected 
components  of  it  so  that  more  desirable  stems 
may  take  its  place. 

For  over  20  years,  we  have  been  examining 
advance  reproduction  under  undisturbed  mid- 
dle-aged hardwood  stands  on  excellent,  good, 
and  fair  sites  on  the  Fernow  Experimental 
Forest.  In  addition,  we  made  a  reproduction 
survey  in  conjunction  with  an  oak  site  study, 
which  covered  undisturbed  sawtimber  stands 
in  north-central  West  Virginia  and  western 
Maryland   (Weitzman  and  Trimble  1957). 

Abundance  and  Distribution 

Before  cutting,  all  previously  unmanaged 
stands  on  the  Fernow  Experimental  Forest 
contained  advance  reproduction  (tables  1  and 
2).  Considerable  variation  existed  between 
stands  in  number  of  both  large  (1.0  inch  to 
5.0  inch  dbh)  and  small  (1  foot  tall  to  1.0 
inch  dbh)  reproduction  stems.  Tight  uniform 
stands  had  sparse  reproduction,  but  stands 
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whose   canopies   were   broken    up   by   heavy  The  percentage  of  sampled  milacres  that 

losses   of   the   chestnut   component   or  older  were  stocked  with  at  least  one  stem  of  com- 

residual   trees  had  more  reproduction.   This  mercial  species  was  used  as  a  measure  of  dis- 

relationship  conforms  to  the  findings  of  Bower-  tribution  of  stocking.  Distribution  was  mea- 

sox  and  Ward  (1972)  who,  on  the  basis  of  a  sured  only  for  the  small  reproduction  class, 

study  on  intermediate  sites  in  Pennsylvania,  As  with  abundance,  it  was  better  on  sites  of 

concluded  that  basal  area  density  was  nega-  lower  quality.  On  the  excellent  sites,  average 

tively    correlated    with    the    development    of  milacre  stocking  (tables  1  and  2)  was  38  to 

acceptable    advance    reproduction    and    that  59  percent;  on  the  good  sites,  it  was  72  to 

stand  age  was  positively  correlated.  74  percent;  and  on  the  fair  sites,  it  was  79 

Small  stems  were  considerably  more  numer-  to  85  percent, 
ous  than  large  stems;  in  most  stands  several 
thousand  small  stems  per  acre  contrasted  to 
several  hundred  large  stems  per  acre. 

In  general,  an  inverse  relationship  seemed  Most  of  the  reproduction  in  both  small  and 

to  exist  between  the  abundance  of  reproduc-  large  classes,  consisted  of  species  that  rated 

tion  and  site  quality.  This  can  probably  be  very  tolerant  and  tolerant   (table  3):   sugar 

attributed  to  lower  overstory  densities  on  the  maple,  beech,  eastern  hophornbeam,  and  red 

poorer  sites.  maple.  Some  species,  particularly  on  the  fair 


Table  3. — Tolerance  ratings" 

Tolerance  rating 


Species  Composition 


Species  Very  Tolerant         ^^^'^^'  ^^^'^^'  Very  in- 

tolerant mediate  erant  tolerant 

Eastern  hophornbeam    ...   X 

American  beech   X 

Sugar  maple   X 

Flowering  dogwood   X 

Red  maple   X 

Basswood    X 

Black  gum   X 

Sweet  birch    X" 

Fraser  magnolia   X"" 

Cucumbertree    X"" 

White  ash    X 

Basswood    X"* 

Black  gum   X* 

Yellow  birch    X 

Sweet  birch   X 

White  oak    X 

Northern  red  oak X 

Black  oak  X 

Chestnut  oak   X' 

Slippery  elm   X"" 

Hickories    X" 

Downy  serviceberry X" 

Sourwood    X" 

Scarlet  oak    X*^ 

Butternut X 

Hickories    X 

Yellow-poplar   X 

Sassafras    X'' 

Black  cherry  X 

Bigtooth  aspen    X 

Black  locust  X 

Pin  cherry    X" 

"From  Baker  (1950)  unless  otherwise  noted. 

'Local  observation. 

■Silvics  of  Forest  Trees  of  the  United  States  (USDA  1965). 

''Great  uncertainty  (from  Baker). 


sites,  rated  borderline  between  tolerant  and 
intermediate  or  rated  intermediate:  basswood, 
sweet  birch,  hickory,  white  ash,  chestnut  oak, 
red  oak,  and  Fraser  magnolia.  One  species, 
sassafras,  a  rated  intolerant  that  is  quite 
tolerant  when  young,  was  plentiful  in  the 
smaller  size  classes,  but  died  out  before  it 
reached  an  inch  dbh. 

Under  a  closed  canopy,  most  of  the  stems 
that  reach  large  reproduction  size  on  the 
excellent  and  good  sites  are  of  the  very  toler- 
ant and  tolerant  species  (tables  1  and  2).  As 
site  quality  declines,  more  species  of  inter- 
mediate tolerance,  most  important  the  oaks, 
survive  to  grow  beyond  the  1.0-inch  dbh 
threshold. 

This  relationship  confirms  the  findings  of 
Weitzman  and  Trimble  (1957)  in  a  survey  of 
well-stocked  stands  containing  a  minimum  of 
32  percent  of  oaks  in  the  overstory.  They 
found  that  natural  oak  reproduction,  like  the 
distribution  of  oak  trees,  is  more  prevalent 
on  the  medium  to  poor  sites.  This  provides  a 
clue  to  the  sites  on  which  oak  may  be  able 
to  maintain  itself.  In  the  stands  they  sampled, 
oak  formed  a  decreasing  proportion  of  the 
total  reproduction  as  site  quality  improved. 
At  about  site  index  65,  oak  reproduction 
dropped  from  first  place.  On  site  index  80, 
only  3  percent  of  the  total  established  repro- 
duction was  oak. 

Weitzman  and  Trimble  (1957)  reported 
that: 

•  At  site  index  60,  26  percent  of  established 
reproduction  was  oak  and  at  site  index  40, 
the  percent  rose  to  47. 

•  On  better  sites,  competition  from  faster- 
growing  or  more  tolerant  species  makes 
conditons  less  conducive  to  the  establish- 
ment of  the  oaks. 

•  A  breakdown  of  oak  reproduction  by  species 
.  .  .  indicates  that  some  oak  reproduction 
occurs  over  a  wide  range  of  site  quality; 
with  red  oak  absent  on  the  areas  of  lowest 
site  index  (40)  and  scarlet  oak  absent 
from  the  better  sites  (site  index  70  and 
80). 


How  is  the  New  Stand 

that  Follows  Cutting  Related 

to  Advance  Reproduction? 

After  Partial  Cutting 

Advance  reproduction  under  unmanaged 
sawtimber  stands  is  composed  largely  of  tol- 
erant species,  particularly  on  the  better  sites. 
These  species  will  germinate,  hang  on,  and 
then  grow  when  released.  After  selection  cut- 
ting, many  stems  of  sugar  maple,  red  maple, 
and  beech  will  develop  into  good  candidates 
for  crop  trees  (Trimble  1965  and  1968). 

On  lower-quality  sites,  which  have  more 
open  canopies,  some  stems  of  intermediates, 
such  as  most  of  the  oaks  and  sweet  birch,  will 
persist  for  years;  and  a  few  of  them  may 
develop  into  merchantable  trees  after  heavy 
partial  cutting. 

After  Clearcutting 

Little  work  has  been  done  to  define  the 
type  of  advance  reproduction  that  survives 
clearcutting  and  develops  to  form  a  portion 
of  the  new  stand.  We  know  that  many  larger 
advance  reproduction  stems  either  survive  the 
cutting  and  grow,  or,  if  broken  off,  produce 
sprouts  that  develop  and  grow.  In  oak,  at 
least,  these  sprouts  grow  much  faster  than 
comparable  undamaged  reproduction  (Sander 
1966).  About  two-thirds  of  large  advance  re- 
production stems  are  broken  off  in  clearcut- 
ting (Trimble  and  Rosier  1972). 

We  know  from  observations  that  an  un- 
determined number  of  advance  reproduction 
stems  die  in  the  first  few  years  after  sudden 
exposure.  We  know  that  some  larger  advance 
reproduction  stems  enter  the  dominant  crown 
class  of  the  new  stand — although  too  high  a 
proportion  of  them  are  branched  and  limby 
(Trimble  1972).  We  suspect — based  on  con- 
siderable observation — that  small  stems  (less 
than  2  to  4  feet  tall)  of  suppressed  reproduc- 
tion of  oak  and  sugar  maple — and  probably 
other  species — cannot  compete  successfully 
with  the  flush  of  new  plant  growth  that  fol- 
lows clearcutting. 

From  work  done  in  the  Central  States,  we 
know  that  on  oak  sites,  the  new  stand  will 
contain  oak  in  proportion  to  the  advance  oak 


reproduction  on  the  area  before  the  harvest 
cut  (Clark  and  Watt  1971).  And  we  know, 
based  on  work  done  by  Sander  (1972),  also 
in  the  Central  States,  that  the  bulk  of  oak  re- 
production that  makes  acceptable  growth 
after  clearcutting  comes  from  advance  stems 
over  4.5  feet  tall.  On  the  other  hand,  some 
rated  intolerants,  such  as  black  cherry  and 
sassafras,  are  quite  tolerant  when  young;  and 
after  clearcutting,  small  stems  of  these  species 
can  compete  successfully  for  a  place  in  the 
new  stand. 

How  Does  Degree  of  Overstory 
Removal  Affect  Reproduction? 

Species  by  Site  Quality 

The  degree  of  overstory  removal  has  a  defi- 
nite effect  on  the  species  composition  of  the 
new  stand.  And  this  effect  is  variable  accord- 
ing to  site  quality.  Moreover,  the  numerical 
order  of  species  will  change  with  time  from 
cutting. 

In  a  publication  on  diameter-limit  cutting 
(Trimble  1971),  a  summation  was  made  from 
data  from  a  number  of  areas  on  the  effect  of 
degree  of  canopy  removal  on  tolerant  versus 
intolerant  reproduction.  The  two  extremes  of 
canopy  removal  were  clearcutting  and  selec- 
tion cutting;  diameter-limit  cutting,  in  amount 
of  residual  basal  area,  fell  between  them  but 
nearer  to  selection  cutting  than  to  clearcut- 
ting. The  heavier  the  removal,  the  higher  the 
proportion  of  reproduction  that  is  of  intoler- 
ant species.  This  is  illustrated  by  the  7-  to 
20-year  observations    (table  4)    on  large  re- 


production. Intolerants  made  up  37  percent 
of  these  stems  after  clearcutting,  18  percent 
after  diameter-limit  cutting,  and  only  5  per- 
cent after  selection  cutting.  Reproduction  of 
tolerant  species  was  in  a  reverse  order:  27 
percent  for  clearcutting,  62  percent  for  dia- 
meter-limit, and  78  percent  for  selection  cut- 
ting. 

Under  selection  cutting,  in  the  immediate 
years  after  a  harvest,  there  is  a  tendency  for 
the  seeds  of  some  intolerant  species  to  germi- 
nate and  for  the  seedlings  to  grow  for  a  while 
but  then  to  die  out.  The  life-long  intolerants, 
like  yellow-poplar,  die  soon;  those  species  that 
are  fairly  tolerant  when  young,  such  as  white 
ash  and  black  cherry,  persist  longer  but  as 
they  lose  their  early  tolerance  with  increasing 
age  and  as  the  upper  canopy  closes,  they  too 
succumb.  Thus  it  is  misleading  in  predicting 
future  stand  composition  to  weigh  too  heavily 
reproduction  counts  of  small  stems. 

The  long-range  reproduction  trend  is  clear 
following  light  to  medium  selection  cutting: 
maple,  beech,  hophornbeam,  and  sweet  birch 
will  predominate  in  the  new  stand  (Trimble 
1965  and  1970).  Sugar  maple  and  beech  will 
probably  be  most  numerous  on  the  excellent 
and  good  sites,  and  red  maple  and  beech  will 
dominate  the  fair  sites.  Sweet  birch  will  be 
well  represented  on  all  areas. 

From  data  for  clearcut  compartments  on  the 
good  and  excellent  sites,  we  can  expect  to  get 
a  good  representation  of  black  cherry  and 
yellow-poplar  seedlings  if  viable  seed  is  pres- 
ent. The  actual  proportions  depend  to  a  large 
extent  on  the  amount  of  competitive  advance 
reproduction — which   is   composed  largely  of 


Table  4. — Effect  of  cuffing  practice  on  the  proportions  of  tolerant  versus  intolerant  reproduction 


Type  of 
cutting 


No.  of 
areas 


Total 
acreage 


Site  index  (for  oak) 


Number  of  1-  to 
5-inch  stems  in — 


Range 


Average 


Intolerant 
species" 


Tolerant 
species" 


Stump  sprouts 

as  a  proportion 

of  total 

reproduction 


Clearcut 

Diameter-limit 

Selection 


No. 

9 

5 

7 


Acres 

110 
151 
198 


Ft. 

61-77 
59-75 
59-82 


Ft. 

70 
69 
71 


Weighted 

pet. 

37 

18 

5 


Weighted 
pet. 
27 
62 

78 


Pet. 

58 
18 

18 


'Includes  the  following  very  intolerant,  intolerant,  and  intermediate  species:  red  oak,  yellow-poplar,  black 
cherry,  white  ash,  black  locust,  sassafras. 

"Includes  the  following  very  tolerant  and  tolerant  species:  beech,  sugar  maple,  red  maple. 


Table  5. — Ranking  of  1  -  to  5-inch  stems  of  reproduction  7  years  after  clearcutiing 

five  most  numerous  species. 
[Numbers  in  parentheses  are  numbers  of  stems  per  acre] 


Ranking 


Excellent  site 
(S.I.  80  for  oak) 


1  Sugar  maple  (91) 

2  Basswood  (49) 

3  Eastern  hophornbeam  (43) 

4  Black  locust  (38) 

5  Black  cherry  (27) 


Good  site 
(S.I.  70  for  oak) 


Fair  site 
(S.I.  60  for  oak) 


Black  locust  ( 124) 
Sugar  maple  (111) 
Red  maple  (107) 
Sassafras  (97) 
Yellow-poplar  (75) 


Red  maple  (186) 
Sassafras  (176) 
Chestnut  oak  (103) 
Red  oak  (84) 
Sourwood  (49) 


tolerant  species — and  on  the  age  of  the  stand 
when  cut.  Clearcut  young  stands  produce  a 
lot  of  fast-growing,  space-occupying  stump 
sprouts. 

On  fair  sites,  yellow-poplar  and  black  cherry 
appear  infrequently;  the  most  abundant  in- 
tolerant is  sassafras.  We  can  usually  expect  a 
lot  of  red  maple  and  oak  stump  sprouts.  And 
if  advance  reproduction  of  oak  is  present — 
which  it  usually  is — we  can  expect  a  good 
representation  of  oak  seedlings  and,  more 
likely,  seedling  sprouts. 

The  reproduction  tally  on  these  clearcut 
areas  indicates  that  species  composition  was 
strongly  influenced  by  site  quality,  but  a  wide 
variety  of  species  of  all  tolerance  classes  was 
represented  on  all  sites  and  all  study  areas — 
a  greater  variety  than  found  under  selection 
cutting  where  a  few  tolerant  species  predomi- 
nate. On  two  excellent  sites,  each  about  35 
acres,  one  of  which  had  been  cut  three  times 
by  the  selection  system  and  the  other  had 
been  harvested  12  years  previously  by  clear- 
cutting,  tallies  were  made  of  1  to  5  inch  stems. 

Twenty  commercial  species  were  tallied  on 
the  clearcut  areas  and  17  on  the  selection  cut 
area.  However,  when  the  number  of  species 
containing  5  percent  or  more  of  the  total  num- 
ber of  stems  were  compared,  the  clearcut  area 
had  7;  but  the  selection  cut  area  had  only  3. 

At  7  years  on  the  clearcut  compartment, 
the  larger  free-to-grow  stems  (table  5)  were 
composed  mostly  of  species  that  had  at  least 
one  of  the  following  characteristics:  (1)  great 
sprouting  vigor  (red  maple,  oak,  and  bass- 
wood);  (2)  shade  tolerance,  permitting  a 
start  under  the  old  stand  (sugar  maple);  (3) 
unusually  fast  early  growth  (black  cherry, 
eastern  hophornbeam.,  and  sweet  birch);  and 


(4)  a  tendency  to  root  sucker  (black  locust 
and  sassafras). 

Under  a  clearcutting  system,  the  propor- 
tional relationship  between  tolerants  and  in- 
tolerants  in  the  new  stand  is  far  from  con- 
sistent because  of  the  presence  in  varying 
numbers  of  tolerant  advance  reproduction  and 
of  stump  sprouts,  which  together  can  make 
up  an  appreciable  part  of  new  stands  after 
clearcutting. 

On  good  and  excellent  sites  under  intensive 
even-aged  management,  advance  reproduction 
will  create  something  of  a  problem.  Present 
indications  are  that  a  thick  understory  of  tol- 
erant species  will  develop  in  such  stands  as  a 
result  of  thinnings  and  that  this  situation  will 
have  to  be  countered  if  a  new  stand  of  in- 
tolerants  is  sought  after  the  clearcut  harvest. 
If  this  advance  reproduction  is  not  over  15 
feet  tall,  it  can  be  controlled  by  an  under- 
story foliar  spray  a  couple  of  years  before  the 
harvest  cut  (Smith  and  Trimble  1970). 

In  sites  of  lower  quality,  where  the  desired 
species  will  probably  be  oak,  the  effect  of 
properly  designed  late  thinnings  may  be  to 
encourage  an  understory  of  advanced  oak 
reproduction  and  thus  favorably  influence  the 
composition  of  the  next  stand. 


Table  6. — Ranking  of  1  -  to  5-inch  stems  of  repro- 
duction 12  years  after  clearcutting,  5  most  numerous 
species. 

[Numbers  in  parentheses  are  numbers  of  stems 
per  acre] 

Ranking      Excellent  site  (S.I.  80  for  oak) 

1  Sweet  birch  (550) 

2  Sugar  maple  (246) 

3  Yellow-poplar  (221) 

4  Black  cherry  (145) 

5  Eastern  hophornbeam  (114) 


The  change  in  species  composition  with 
time  from  cutting  cannot  be  defined  accu- 
rately until  more  time  has  passed.  Some 
switching  in  numerical  order  may  take  place 
after  clearcutting,  which  is  illustrated  by  a 
comparison  of  12-year  data  (table  6)  to  7-year 
data  (table  5)  for  the  excellent  site  clearcuts 
(data  are  not  yet  available  for  the  good  and 
fair  sites).  The  big  difference  is  the  increasing 
proportion  of  sweet  birch  and  yellow-poplar 
in  the  large  reproduction  class  at  12  years  as 
compared  to  7  years. 

We  have  good  information  on  the  growth 
and  development  of  tolerant  reproduction 
(sugar  maple)  under  selection  cutting  (Trim- 
ble 1965  and  1968),  but  comparable  informa- 
tion following  clearcutting  is  lacking.  Several 
studies  now  under  way  should  tell  us  how 
different  species  grow  and  develop  over  time 
after  clearcutting  on  sites  of  different  quality 
levels.  When  this  information  becomes  avail- 
able— in  about  5  years — we  will  be  better  able 
to  predict  regeneration  development. 

Abundance  and  Distribution 

On  the  Fernow  Experimental  Forest,  clear- 
cutting  has  resulted  always  in  an  abundant, 
well  distributed  stand  of  reproduction.  This 


has  been  true  on  all  sites.  Species  composition 
has  sometimes  left  something  to  be  desired, 
but  abundance  and  distribution  can  be  rated 
as  satisfactory,  as  shown  by  tables  7  and  8 
(Trimble  1972,  Trimble  and  Hart  1961). 
Selection  cutting,  too,  has  produced  a  satis- 
factory number  and  distribution  of  understory 
stems  (table  8),  although  they  are  composed 
mostly  of  a  few  tolerant  species. 

The  Fernow  data  indicate  that  7  to  10 
years  after  cutting  we  can  expect  5,000  to 
10,000  stems  of  small  reproduction  and  300 
to  800  stems  of  large  reproduction  per  acre 
of  commercial  species  under  all  types  of  com- 
mercial harvesting,  with  the  actual  number  of 
stems  roughly  proportional  to  the  degree  of 
canopy  removal.  We  can  expect  faster  growth 
rates  after  heavy  canopy  removal;  this  is  il- 
lustrated by  the  greater  numbers  of  large 
reproduction  after  clearcutting  (table  8). 

We  can  expect  good  distribution  of  repro- 
duction; more  than  85  percent  of  the  mil- 
acres  should  be  stocked  with  small  repro- 
duction of  commercial  species  under  both 
selection  cutting  and  clearcutting.  For  large 
reproduction,  we  found  that  80  percent  or 
more  of  all  1/100-acre  plots  were  stocked  with 
commercial  species. 


Table  7. 


-Reproduction  of  commercial  species  after  7  growing 
seasons  from  clearcutting 


Small 

reproduction 

Large  reproduction 

(1  foot  tall  to  1  inchdbh) 

(1  to  5  inches  dbh) 

Compart- 

Proportion 

Proportion 

ment 

Total 

of 

Total 

of 

number 

stems 

laOOO-acre 

stems 

1/100-acre 

per  acre 

plots 
stocked 

per  acre 

plots 
stocked 

No. 

Pet. 

No. 

Pet. 

EXCELLENT  SITE 

32 

7,400 

96 

420 

80 

33 

15,755 

98 

378 

84 

43 

9,067 

93 

289 

91 

Average 

10,741 

96 

362 

85 

GOOD  SITE 

36 

6,223 

91 

926 

96 

37 

4,333 

91 

790 

100 

39 

7,400 

96 

907 

100 

Average 

5,985 

93 

874 

99 

FAIR  SITE 

34 

8,955 

98 

579 

89 

35 

8,156 

96 

898 

100 

38 

7,434 

98 

844 

100 

Average 

8,181 

97 

774 

96 

Table  8. — Commercial  species:  reproduction  5  and  10  years  offer  logging  in  a  well-stocked 
sawtimber  stand  on  an  excellent  site,  by  intensity  of  cut. 


Basal 

Original    _ 

Small  reproduction 

Large 

Intensity  of  cut 

area 

basal  area 

Distri- 

reproduction 

cut 

per  acre" 

Per  acre 

bution'' 

Per  acre 

Pet. 

Sg.  ft. 

No. 

Pet. 

No. 

5-YEAR 

MEASUREMENTS 

Clearcut 

87 

103.0 

10,130 

100 

450 

Diameter-limit 

58 

98.2 

10,060 

81 

340 

Extensive  selection 

cut 

48 

103.0 

8,130 

87 

290 

Intensive  selection 

cut 

46 

105.8 

7,500 

88 

210 

10- YEAR 

MEASUREMENTS 

Clearcut 

— 

— 

5,820 

92 

760 

Diameter-limit 

— 

— 

5,850 

88 

490 

Extensive  selection  cut 

— 

— 

9,690 

100 

500 

Intensive   selection 

cut 

— 

. — . 

8,330 

98 

330 

Check  plot 

0 

124.1 

880^- 

48 

410 

"In  trees  over  5.0  inches  dbh  includes  live  culls. 
''Percentage  of  milacres  stocked  with  at  least  one  stem. 
"No  natural  openings  in  this  small  plot. 


No  conclusive  relationships  were  apparent 
between  site  quality  and  abundance  or  dis- 
tribution of  reproduction. 


What  Are  Some  Observed  Effects 
of  Other  Variables  on  Reproduction? 

Size  of  Opening 

The  effects  of  size  of  opening  on  reproduc- 
tion have  been  reported  by  Smith  (1963), 
Minckler  and  Woerheide  (1965),  and  Sander 
and  Clark  (1971).  Trimble  and  Tryon 
(1969)  reported  on  a  study  made  on  the 
Fernow  Experimental  Forest. 

The  objectives  of  these  studies  varied  some- 
what in  detail;  but  in  general,  they  were 
aimed  at  determining  the  relationship  of  size 
of  opening  and  height  of  border  trees  to  the 
abundance  and  height  growth  of  reproduc- 
tion, giving  special  attention  to  intolerant 
species. 

Smith  (1963)  studied  the  height  growth  of 
3-year-old  yellow-poplar  seedlings  in  openings 
in  a  hardwood  stand  on  a  high-quality  site  in 
Tennessee.  Growth  in  portions  of  openings 
1/10  acre,  y^  acre,  and  i^  acre  in  size  was 
reported.  In  the  two  smallest  plots,  the  seed- 
lings were  tallest  in  the  center;  and  height 
decreased  toward  the  edge  of  the  opening, 
showing  a  definite  edge  effect.  In  the  V^-acre 
plot,  the  height  was  poorest  at  the  border, 


showing  a  definite  edge  effect.  Also  height 
growth  was  somewhat  reduced  at  the  center. 

Minckler  and  Woerheide  (1965)  reported 
on  growth  of  naturally  established  hardwoods 
in  openings  having  diameters  of  i/4»  Vz^  %>  1> 
1^/4,  and  2  times  the  height  of  surrounding 
trees.  Fewer  tall  stems  occurred  in  the  two 
smallest  openings  than  in  the  larger  ones,  and 
no  difference  was  evident  in  height  growth 
in  openings  larger  than  the  %  size  opening. 
Also,  trees  in  the  central  and  northern  por- 
tions were  taller  than  in  the  rest  of  the  open- 
ing. 

Sander  and  Clark  (1971),  studying  open- 
ings from  Ys  acre  to  5  acres  in  size  in  Ohio, 
found  that  after  2  years  all  had  enough  stems 
of  timber  species  to  form  well-stocked  stands. 

Tryon  and  Trimble  (1969),  working  in 
middle-aged  hardwood  stands,  found  that  the 
surrounding  stand  had  little  or  no  effect  on 
height  growth  of  reproduction  in  openings 
until  the  plots  were  as  small  as  I/4  acre.  In 
plots  larger  than  ^4  acre,  the  border  zone  of 
shorter  trees  was  confined  largely  to  the  area 
under  the  branches  of  the  overstory  trees  on 
the  edge  of  the  plot.  This  held  true  even  for 
intolerant  species  such  as  yellow-poplar.  The 
openings  had  been  cut  14  years  when  the 
reproduction  was  measured.  The  opening 
dimensions  were  measured  from  the  trunks — 
not  the  crowns — of  border  trees. 

It  would  seem  that  where  a  good  species 
mix  at  stand  maturity  is  the  objective,   in- 


eluding  some  desirable  intolerants,  openings 
should  be  at  least  ^2  acre  in  size  and  pre- 
ferably 1  acre. 

These  suggestions  apply  to  openings  that 
are  more  or  less  round;  they  would  not  be 
valid  for  narrow  strips  of  the  same  open  area. 

Species  Composition 
of  the  Overstory 

The  relationship  between  the  species  com- 
position of  the  overstory  and  the  species  com- 
position of  the  reproduction  is  a  tangled  skein; 
but  it  does  seem  to  be  determined  in  part  by 
some  general  principles,  which  operate  subject 
to  many  modifying  influences. 

Whether  or  not  a  strong  relationship  exists 
between  the  species  composition  of  the  old 
stand  and  that  of  the  new  stand  seems  to 
depend  largely  on  whether  or  not  the  method 
of  harvest  cutting  that  is  used  to  establish  the 
new  stand  was  the  method  used  to  establish 
the  overstory.  Following  selection  cutting  with 
selection  cutting  can  be  expected  to  repro- 
duce a  new  species  mix  that  is  essentially 
similar  to  the  old  stand.  Following  clearcut- 
ting  with  clearcutting  can  be  expected  to  do 
the  same  thing.  However,  following  clearcut- 
ting with  selection  cutting  and  following 
selection  cutting  with  clearcutting  can  be  ex- 
pected to  produce  stands  composed  of  species 
mixes  that  differ  considerably  from  the  old 
overstories. 

Although  we  cannot  substantiate  all  of  the 
above  relationships  with  Fernow  data,  we  do 
have  considerable  information  bearing  on  two 
of  the  situations:  following  clearcutting  with 
selection  cutting,  and  following  clearcutting 
with  clearcutting. 

In  the  first  instance,  selection  cutting  in 
areas  previously  clearcut  and  occupied  by  saw- 
timber  stands  composed  in  large  part  of  in- 
tolerants is,  without  exception,  reproducing 
new  stands  composed  almost  entirely  of  toler- 
ants.  This  is  true  on  both  good  and  better 
sites  (Trimble  1965)  and  on  fair  sites. 

On  nine  even-aged  compartments  (covering 
a  site  range  from  60  to  80  oak  site  index) 
that  were  clearcut,  we  compared  species  com- 
position of  the  7-year  reproduction  to  the 
species  composition  of  the  old  stand  (Trimble 
1972).  With  some  exceptions,  the  predominant 


reproduction  was  correlated  to  the  most  nu- 
merous species  in  the  old  stand,  although  the 
numerical  order  was  somewhat  different. 

An  outstanding  exception  concerns  red  oak 
on  excellent  sites.  Red  oak  was  one  of  the 
most  numerous  sawtimber-size  trees  in  the  old 
stand,  but  constituted  only  a  very  small  pro- 
portion of  the  reproduction.  Several  species 
were  more  prominent  in  the  new  stand  than 
in  the  old.  These  were  sweet  birch,  sassafras, 
hophornbeam,  black  locust,  and  yellow-poplar. 
With  the  exception  of  yellow-poplar,  these 
species  are  relatively  short-lived,  and  most  of 
them  can  be  expected  to  drop  out  before  rota- 
tion age.  Although  they  occurred  infrequently 
in  the  old  stand  when  it  was  cut,  these  same 
short-lived  species  may  have  been  numerous 
when  the  stand  was  7  years  old. 

We  feel  that  leaving  seed  trees  has  little 
effect  on  either  the  abundance  or  species  com- 
position of  the  new  even-aged  stand.  Many 
of  the  stems  present  in  the  new  stand  are  ad- 
vance reproduction  under  the  old  stand.  Many 
new  stems  are  stump  sprouts.  No  doubt  many 
new  seedlings  come  from  dormant  seed  in  the 
duff  (yellow-poplar — Sander  and  Clark  1971; 
black  cherry — Wendel  1972;  white  ash — 
Clark  1962,  Leak  1963),  and  many  result  from 
the  current  year's  seed  crop  at  the  time  the 
stands  are  harvested. 

Season  of  Cutting 

Investigating  and  reporting  the  effects  of 
season  of  logging  on  the  establishment  and 
growth  of  reproduction  has  been  limited 
largely  to  one  species — yellow-poplar.  From 
a  study  made  on  the  Fernow  Experimental 
Forest,  Trimble  and  Tryon  (1969)  concluded: 

The  results  of  this  study  indicate  that  survival 
and  height  growth  of  yellow-poplar  seedlings,  in 
competition  with  other  vegetation  that  develops 
simultaneously  in  newly  clearcut  areas,  are 
dependent  on  time  of  germination.  A  high  pro- 
portion of  those  seedlings  that  appeared  before 
mid-June  competed  well  with  the  flush  of  new 
vegetation.  Most  seedlings  that  came  up  after 
1   July   lost  out   in   the  race  for  growing  space. 

The  practical  implication  of  these  findings 
is  that  the  old  stand  should  be  logged  between 
the  end  of  the  growing  season  (preferably 
after  yellow-poplar  seeds  ripen)  and  1  May  of 
the  following  year  to  favor  yellow-poplar  re- 
production.   This    would    promote    maximum 
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germination  and  some  development  of  yellow- 
poplar  seedlings  early  in  the  growing  season 
before  strong  competition  from  other  plants 
develops.  Logging  in  the  spring  and  early  sum- 
mer results  in  late  summer  seedlings,  which 
do  not  survive  well;  and  competing  vegetation 
is  able  to  get  a  head  start  on  seedlings  origi- 
nating the  following  year. 

This  restriction  on  time  of  logging  becomes 
less  important  in  areas  where  the  yellow- 
poplar  seed  source  is  extremely  plentiful  and 
where  site  conditions  are  ideal  for  this  species. 
However,  where  the  situation  is  not  so  favor- 
able for  yellow-poplar,  control  of  time  of  logging 
might  provide  the  needed  advantage. 

Sander  and  Clark  (1971)  came  to  about  the 
same  conclusions  from  yellow-poplar  repro- 
duction studies  made  in  the  Central  States. 

Considering  the  differences  among  forest 
species  in  seeding  characteristics  and  early 
development,  it  is  likely  that  future  studies 
will  turn  up  important  effects  of  season  of 
logging  on  reproduction  establishment  for 
other  species. 

Density  of  Low  Vegetation 

The  effect  of  competition  from  low  vegeta- 
tion on  tree  reproduction  has  not  been  mea- 
sured on  the  Fernow  Experimental  Forest; 
but,  based  on  observations,  some  generaliza- 
tions are  possible. 

Several  charactertistic  types  of  shrubby 
and  herbaceous  cover  hinder  the  establish- 
ment and  development  of  reproduction  under 
both  selection  cutting  and  clearcutting.  On 
good  and  better  sites,  the  tolerant,  long-lived 
rhododendron  growing  in  dense  thickets 
hinders  the  establishment  of  seedling  repro- 
duction unless  its  density  is  reduced  through 
cutting  or  chemical  treatment.  It  resprouts 
after  cutting;  but  regrowth  is  so  slow  that 
seedlings  can  get  started  and  grow  beyond  its 
shade,  at  least  after  clearcutting.  Mountain 
laurel,  found  on  the  poorer  sites,  has  some- 
what the  same  effect  as  rhododendron;  but  it 
is  less  abundant.  In  moist  swales  under  saw- 
timber  stands  on  high  quality  sites,  a  dense 
cover  of  such  herbaceous  growth  as  nettles, 
touch-me-not,  and  black  snakeroot  often  car- 
pets the  ground.  This  heavy  herbaceous  layer 
apparently  retards  the  early  development  of 


reproduction — especially  such  intolerants  as 
yellow-poplar.  In  the  situations  where  it  is 
profuse,  this  type  of  cover  seems  to  persist 
indefinitely  after  selection  cutting  and  for  a 
number  of  years  after  clearcutting. 

Tyron  and  Carvell  (personal  communica- 
tion March  1973)  have  noted  that  in  some 
areas  of  the  central  Appalachians,  patches  of 
fern  growing  under  tree  canopies  apparently 
prevents  the  establishment  of  even  the  most 
tolerant  reproduction. 

After  clearcutting,  but  not  selection  cutting, 
a  heavy  cover  of  blackberry  plants  develops 
on  all  sites.  Although  seedlings  do  come 
through  this  blanket,  it  is  our  opinion  that  it 
delays  their  height  growth  from  the  second 
to  about  the  fifth  year  and  that  its  shade  dis- 
criminates against  the  intolerant  species. 
Moreover,  because  of  its  persistent  foliage 
and  weak  stem,  it  flattens  out  under  snowfall, 
which  bends  over,  breaks,  and  deforms  many 
seedlings  in  the  process. 

Grapevines 

Wild  grapevines  are  a  threat  to  young  hard- 
wood stands  after  clearcutting  on  good  and 
excellent  sites  in  many  areas  of  the  central 
Appalachians.  They  are  also  a  threat  follow- 
ing any  type  of  partial  cutting,  such  as  group 
selection,  that  creates  large  holes  in  the  can- 
opy. Because  this  long-lived  vigorous  vine  is 
fairly  shade  intolerant,  it  does  not  pose  as 
serious  a  threat  under  an  individual  tree 
selection  system.  In  selection  cutting,  it  can 
be  controlled  by  severing  the  .stems.  Results 
of  studies  currently  under  way  on  the  Fernow 
Experimental  Forest  indicate  that  this  vine 
does  not  occur  frequently  on  fair  and  poorer 
sites. 

Grapevines  reproduce  by  seed  and  by 
sprouting.  Seeds  can  lie  dormant  many  years 
in  the  forest  floor  and  then  germinate.  It  is  the 
sprouts  that  are  the  real  problem.  Sprouts 
from  grapevine  stumps  cut  off  at  the  time  of 
clearcut  harvest  grow  5  to  15  feet  the  first 
year,  mounting  quickly  into  any  young  tree 
in  the  vicinity. 

Grapevines  damage  young  trees  by  break- 
ing limbs  and  tops,  twisting  and  bending  over 
the  main  stem,  augmenting  ice  and  snow 
damage,  and  submerging  the  tree  foliage  in 
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large  grape  leaves,  thus  interfering  with  photo- 
synthesis. In  some  young  even-aged  hardwood 
stands,  grapevines  are  adversely  affecting  a 
majority  of  the  stems  in  the  stand. 

Satisfactory  measures  for  controlling  grape- 
vines have  not  as  yet  been  worked  out  for 
even-aged  systems,  but  several  studies  are 
under  way. 

Susceptibility  to  Spring  Frosts 

Differences  in  susceptibility  among  species 

to  damage  by  spring  frosts  may  have  an  effect 

on  species  composition  of  stands  in  certain 

areas.  This  phenomenon  has  been  investigated 

and  reported  on  by  Tryon  and  True  (1964). 

Some  of  their  work  was  done  on  the  Fernow 

Experimental  Forest.  With  permission,  their 

publication  is  quoted  in  the  following: 

Frosts    occur    frequently    in    the    Appalachian 
region,    and    spring    frosts    which    occur    after 


growth  has  started  are  especially  damaging  to 
forest  trees.  Such  frosts  deform  stems,  reduce 
growth  rate,  and  may  kill  the  smaller  repro- 
duction. Although  frost  injury  is  widespread  and 
recurs  each  year,  the  damage  is  often  unnoticed 
or  is  observed  months  later  without  its  true  cause 
being  recognized. 

The  Appalachian  region's  irregular  topography 
provides  many  pockets  for  the  accumulation  of 
cold,  heavy  air.  Such  conditions  are  ideal  for 
heavy  spring  frosts.  Many  of  the  susceptible 
species  .  .  .  or  .  .  .  such  as  yellow-poplar,  frequent 
rich  cove  and  bottomland  soils  where  these  frosts 
are  common,  severe,  and  very  damaging. 
Trees  of  all  sizes  may  be  damaged,  but  the  re- 
production and  saplings  are  usually  most  severely 
injured.  The  period  of  establishment  is  there- 
fore critical. 

The  investigators  prepared  a  frost-suscepti- 
bility rating  tabulation  based  on  frost  damage 
during  the  springs  of  1961  and  1963.  They 
examined  tree  species  in  12  localities  in  north- 
ern and  east-central  West  Virginia  and  rated 
the  degree  of  damage  by  late  frosts  to  the 
newly  formed  leaves  and  shoots: 


Highly 
susceptible" 

Sassafras 

American  sycamore 
Black  locust 
American  beech 
Cucumbertree 
Yellow-poplar 
Hickory  spp. 
Black  walnut 
Butternut' 


Moderately 
susceptible 

Fraser  magnolia 
White  ash' 
American  chestnut 
White  oak 
Scarlet  oak 
Chestnut  oak 
Northern  red  oak 
Yellow  birch" 
Black  birch" 


Less 
susceptible 

Smooth  alder 
Serviceberry 
Witch-hazel 
Striped  maple 
Fire  cherry 
Red  maple 


Least 
susceptible 

Slippery  elm" 

Willow" 

Flowering  dogNvood" 

Hawthorn 

American  basswood 

Sugar  maple 

Black  cherry 


"The  most  susceptible  species  are  at  the  top,  and  the  least  susceptible  are  at  the 
bottom  within  each  susceptibility  class. 
"Based  on  few  observations. 
"Considerable  variation  in  degree  of  damage. 


Again  quoting  Tryon  and  True: 

It  is  evident  that  considerable  variation  exists 
in  susceptibility  to  late  frosts  among  these  hard- 
woods, including  the  more  valuable  species. 
Within  the  limits  of  the  study,  black  cherry  was 
definitely  most  resistant  to  late  frost  damage, 
and  was  followed  by  sugar  maple  and  American 
basswood  which  wore  slightly  less  resistant. 
Yellow-poplar,  black  walnut,  and  American 
beech  were  among  the  species  most  susceptible 
to  frost  damage,  with  the  oaks  being  slightly  less 
susceptible.  Considerable  tree-to-tree  variation 
in  frost  susceptibility  was  found  for  white  ash 
and  yellow  birch. 

The  investigators  recommend  that  when 
stands  are  being  regenerated  in  locations 
where  frost  pockets  occur,  resistant  species 
should  be  favored.  They  recommend  also  that, 
in  such  areas,  regeneration  by  sprouts  be  dis- 


couraged because  their  observations  indicated 
that  young  sprouts  are  more  heavily  damaged 
by  frosts  than  are  seedlings. 

SUMMARY 
AND  DISCUSSION 

Reproduction  trends  were  related  in  this 
report  primarily  to  site  quality  and  to  type  of 
timber  harvest — selection  cutting  versus  clear- 
cutting.  But  other  factors  affect  reproduction, 
and  some  of  these  were  discussed. 

In  general,  advance  reproduction  composed 
mostly  of  the  more  tolerant  species  exists  in 
fair  numbers  and  is  fairly  well  distributed  un- 
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der  unmanaged  sawtimber  stands.  Composi- 
tion varies  some  with  site  quality,  but  on 
excellent,  good,  and  fair  sites,  sugar  maple, 
red  maple,  and  beech  are  predominant,  with 
oak  often  numerous  on  the  fair  sites. 

Reproduction  has  been  found  satisfactory 
in  numbers  and  distribution  after  both  clear- 
cutting  and  individual  tree  selection  cutting, 
but  the  species  composition  differs  greatly; 
tolerants  predominate  following  selection  cut- 
ting but  generally  a  good  representation  of 
intolerants,  as  well  as  tolerants,  can  be  ex- 
pected after  clearcutting — depending  some- 
what on  the  density  of  advance  reproduction 
and  the  abundance  of  stump  sprouts. 

Site  quality  makes  a  difference  in  the  spe- 
cies composition  of  reproduction  after  cutting, 
and  the  difference  is  greater  for  clearcutting 
than  for  selection  cutting.  After  clearcutting 
on  the  excellent  sites,  we  can  expect  a  good 
representation  of  yellow-poplar  and  black 
cherry;  and  on  the  fair  sites,  we  can  expect 
a  variable  number  of  oak  stems.  After  selec- 
tion cutting,  we  get  beech  and  sweet  birch  on 
both  sites  with  sugar  maple  in  the  number 
one  spot  on  the  excellent  site  and  red  maple 
better  represented  on  the  fair  site. 

When  group  selection  or  patch  cutting  is 
the  reproduction  method  and  where  the  ob- 
jective is  a  good  species  mix,  including  some 
intolerants,  results  of  research  suggest  that 
openings  should  be  at  least  V^  acre  in  size 
and  preferably  1  acre. 

A  relationship  usually  exists  between  the 
species  composition  of  the  old  stand  and  the 
reproduction  where  the  cutting  method  is  the 
same  one  as  used  in  establishing  the  over- 
story.  For  example,  stands  established  by 
clearcutting  when  clearcut  again  reproduce 
more  or  less  the  same  species.  However,  when 
selection  cutting  follows  clearcutting,  a  dras- 
tic change  may  take  place  in  species  compo- 
sition; and  such  species  as  red  oak,  yellow- 
poplar,  and  black  cherry  may  be  replaced  by 
the  maples  and  beech. 

Season  of  logging  has  some  effect  on  the 
germination  and  development  of  yellow-poplar 


reproduction.  There  may  be  some  advantage 
to  logging  between  about  1  September  and 
1  May  to  favor  this  species. 

Several  characteristic  types  of  low  vegeta- 
tion, such  as  rhododendron  and  blackberry 
thickets,  retard  the  development  of  reproduc- 
tion. 

Wild  grapevines  pose  a  threat  to  young 
even-aged  hardwood  stands  on  the  better 
sites.  Following  individual  tree  selection  cut- 
ting and  on  sites  of  low  quality,  this  vine  is 
le.ss  of  a  problem. 

What  do  the  results  of  these  reproduction 
studies  mean  in  terms  of  forest  practices?  Do 
they  indicate  that  we  know  enough  to  tailor 
our  cutting  methods  by  site  class  to  get  spe- 
cific stand  composition? 

Within  limits  and  subject  to  certain  quali- 
fications, we  can  predict  and  influence  stand 
composition  in  most  situations  in  the  Central 
Appalachians.  If  we  practice  individual  tree 
selection  cutting  on  our  better  sites,  we  can 
expect  to  get  stands  composed  largely  of 
maples  and  beech.  The  two  highly  valued 
trees,  yellow-poplar  and  black  cherry,  will  be 
scarce  indeed;  a  loss  of  timber  value,  esthetic 
qualities,  and — in  black  cherry — a  heavy  blow 
to  game.  If  we  practice  even-aged  silviculture 
with  clearcutting  hai'vests,  we  will  reproduce 
these  two  species  and  a  great  number  of  other 
species  also,  including  the  maples  and  beech. 
We  will,  in  effect,  retain  the  same  kinds  of 
forests  on  our  high-site  areas  that  are  so  uni- 
versally admired  today  by  sightseers  and 
hunters. 

Our  oak  stands  on  the  lower  quaHty  sites 
are  today  also  typically  even-aged.  These  oak 
stands  are  not  only  valuable  for  wood  prod- 
ucts, but  they  are  essential  to  such  game  spe- 
cies as  squirrels  and  turkey.  Under  individual 
selection  cutting,  they  will  be  succeeded  by 
the  more  tolerant  species  such  as  red  maple, 
beech,  black  gum,  and  sweet  birch.  The  oaks 
are  intermediate  to  intolerant;  and  although 
they  will  germinate  and  grow  for  a  while  in 
shade,  they  need  canopy  removal  to  develop. 
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APPENDIX 


Common  and  scientific  names  of  species  referred  to  in  this  study: 


Alder,  smooth 
Ash,  white 
Aspen,  bigtooth 
Basswood 
Beech,  American 
Birch,  yellow 
Birch,  sweet  (black) 
Butternut 
Chestnut,  American 
Cherry,  black 
Cherry,  pin  (fire) 
Cucumbertree 
Dogwood,  flowering 
Elm,  slippery 
Gum,  black 
Hickory 

Hophombeam,  eastern 
Locust,  black 
Magnolia,  Fraser 
Maple,  red 
Maple,  striped 
Maple,  sugar 
Oak,  black 
Oak,  chestnut 
Oak,  northern  red 
Oak,  scarlet 
Oak,  white 
Rhododendron 
Sassafras 

Serviceberry,  downy 
Sourwood 

Sycamore,  American 
Yellow-poplar 
Walnut,  black 
Willow 


TREES 

AInus scrrulata  (Ait.  Willd.) 

Fraxinus  aincricana  L. 

PopuJus  gruncliclcntald  Michx. 

Tilia  amcricuna  L. 

F alius  fiianclifolia  Ehrh. 

Bctula  ullcfihanicnsis  Britlon 

Bet  Ilia  lent  a  L. 

■Iiilikins  cincrca  L. 

('(isianca  dentata  (Marsh.)  Borkh. 

Primus  scrntina  Ehrh. 

Prunus  pcnsylvanica  L.  f. 

Maiinolia  acuminata  Ij. 

Corn  us  florida  L. 

Ulmus  rubra  Muhl. 

Nyssa  sylvatica  Marsh. 

Carya  spp. 

Ostrya  rirginiana  (Mill.)  K.  Koch 

Rohinia  pseudoacacia  L. 

Magnolia  fraseri  Walt. 

Acer  ruhriim  L. 

Acer  pcnsylvanicum  L. 

Acer  saccharuni  Marsh. 

Que  reus  velutina  Lam. 

Qucrcus  prinus  L. 

Qucrcus  rubra  L. 

Qucrcus  coccinca  Muenchh. 

Qucrcus  alba  L. 

Rhododendron  maximum  L. 

Sassafras  albidum  (Nutt.)  Nees. 

Ainclanchicr  arhorca  (Michx.  f.)  Fern. 

Oxydcndrum  arboreum  (L.)  DC 

Platanus  occidcntalis  L. 

LIriodcndron  tulipifera  L. 

■luglans  nigra  L. 

.S'«/(.v  spp. 


Blackberry 
Black  snakeroot 
Grapevine 
Hawthorn 
Mountain  laurel 
Nettles 
Touch-me-not 
Witch  hazel 


SHRUBS  AND  VINES 
Rubus  spp. 

Cimicifuga  racemose  (L.)  Nutt. 
Vitis  spp. 
Crataegus  spp. 
Kalmia.  latifolia  L. 
Laportca  canadensis  (L.)  Wedd. 
1  mpaticns  spp. 
Hamamelis  Virginia  L. 


THE  FOREST  SERVICE  of  the  U.  S.  Depart- 
ment of  Agriculture  is  dedicated  to  the  principle  of 
multiple  use  management  of  the  Nation's  forest  re- 
sources for  sustained  yields  of  wood,  water,  forage, 
wildlife,  and  recreation.  Through  forestry  research, 
cooperation  with  the  States  and  private  forest 
owners,  and  management  of  the  National  Forests 
and  National  Grasslands,  it  strives  —  as  directed 
by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 
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ABSTRACT 

American  elm  trees,  Ulmus  americana  L.,  were  sprayed  with  dif- 
ferent formulations  of  methoxychlor  by  mistblower,  hydraulic 
sprayer  or  helicopter.  Twig-crotches  were  collected  from  sprayed 
trees  for  GLC  assay  and  Scolytus  multistriatus  ( Marsham )  bioassay. 
Hydraulic  deposits  were  heaviest  but  the  mistblower  was  more 
efficient  in  terms  of  amount  deposited  per  pound  of  methoxychlor 
sprayed.  Helicopter  deposits  were  light  on  lower  branches  but  were 
comparable  to  mistblower  and  hydraulic  deposits  in  tops  of  trees, 
where  protection  is  needed  most. 


Federal  laws  regulating  use  of  DDT  have 
forced  arborists  and  city  foresters  to  seek  other 
materials  to  protect  elms  from  smaller  Euro- 
pean elm  bark  beetles,  Scolytus  multistriatus 
(Marsham),  principal  vectors  of  Dutch  elm 
disease  fungus.  Methoxychlor  was  shown  to 
be  effective  and  has  been  approved  for  this 
purpose.  However,  arborists  need  more  in- 
formation on  the  effectiveness  of  methoxy- 
chlor formulations  when  applied  by  mistblower, 
hydraulic  sprayer,  or  helicopter.  In  studies  of 
DDT  formulations  (Whitten  1945,  Matthysse 
et  al.  1954),  it  was  suggested  that  white  oil 
might  increase  insecticide  deposits  on  tree  tops 
and  Whitten  reported  that  quick-breaking 
emulsions  may  be  preferable  to  more  stable 
ones,  but  quantitative  data  were  not  given. 
Although  formulations  with  HAN  solvents 
damage  paint  finishes  less  than  xylene,  and 
formulations  containing  32%  methoxychlor 
cost  less  to  ship  and  handle,  the  effectiveness 
of  these  formulations  has  not  been  adequately 
tested.  Therefore,  in  1970  the  Forest  Service 
conducted  an  experiment  in  cooperation  with 
state,  city  and  private  organizations  to  com- 
pare the  amounts  of  methoxychlor  deposited 
on  elm  twigs  by  spraying  with  different  formu- 
lations and  types  of  equipment. 

METHODS  AND  PROCEDURES 

Location  and  Treatments 

The  experiment  was  conducted  in  Ohio  and 
Massachusetts.  All  trees  in  Ohio  and  about  half 
of  those  in  Massachusetts  had  been  sprayed 
previously  with  DDT  but  none  had  been 
sprayed  with  methoxychlor  for  at  least  4  years. 
Ohio  trees  ranged  in  height  from  31  to  69  ft. 
(average  51  ft.);  Massachusetts  trees  ranged 


from  30  to  90  ft.  (average  64  ft.),  and,  in 
general,  had  fewer  branches  in  the  lower  part 
of  the  crowns. 

A  John  Bean  Rotomist'  100-G  mistblower 
with  No.  5  discs/5  hole  whirlplates  cahbrated 
at  2  gal.  per  minute  was  used  in  Ohio  and  a 
Hardie  Aero-Mist  L-80-A  mistblower  with  2 
tangential  type  T  No.  1120M  nozzles  cali- 
brated at  1.5  gal.  per  minute  was  used  in 
Massachusetts. 

John  Bean  Royal  hydraulic  sprayers  were 
used  in  both  areas.  All  formulations  in  Ohio 
were  applied  at  about  25  gal.  per  minute  with 
a  No.  16  disc.  In  Massachusetts,  formulations 
2  and  4  were  applied  at  29  gal.  per  minute  with 
a  standard  Bean  shade  tree  gun  and  formula- 
tions 1,  3,  and  5  were  applied  at  23  gal.  per 
minute  with  a  No.  10  disc  (table  1). 

In  Ohio,  the  helicopter  sprayed  from  15  to 
25  ft.  above  trees  with  20  D6  nozzles  on  a  32 
ft.  boom  at  45  psi.  In  Massachusetts,  the  heli- 
copter sprayed  from  10  to  20  ft.  above  trees 
at  0  to  5  mph  with  a  total  of  27  D8  nozzles  with 
No.  45  cores  on  2  lateral  10  ft.  booms  and  1 
aft  8  ft.  boom  at  45  psi.  boom  pressure.  Meth- 
oxychlor concentration  in  spray  solutions  was 
2  percent  for  hydraulic  and  12.5  percent  for 
mistblower.  In  Massachusetts,  formulations  1 
and  2  were  applied  by  helicopter  at  12.5  per- 
cent but  3,  4,  and  5  were  applied  at  8  percent 
due  to  errors  in  mixing.  All  formulations  ap- 
plied by  helicopter  in  Ohio  were  at  12.5  percent. 
The  amount  of  methoxychlor  sprayed  at  a  tree 
was  estimated  by  either  timing  or  metering 


iThe  use  of  trade,  firm,  or  corporation  names  in 
this  publication  is  for  the  information  and  convenience 
of  the  reader.  Such  use  does  not  constitute  an  official 
endorsement  or  approval  by  the  U.S.  Deijartment  of 
Agriculture  of  any  product  or  service  to  the  exclusion 
of  others  that  may  be  suitable. 


Table    1 . — Formulation    specificaions   of   methoxychlor   sprayed 
in  Ohio  and  Massachusetts,  Spring  7  970 


Formulation 

Type  of 

Type  of 

Percent 

Additives 

no. 

solvent 

emulsifier 

methoxychlor 

1 

Xylenes" 

Q.B.' 

25 

— 

2 

Xylenes 

SB.' 

25 

— 

3 

Xylenes 

Q.B. 

32 

— 

4 

Xylenes 

Q.B. 

25 

8%  white  oil 

5 

Heavy 
aromatic 
naphthalenes 
(HAN) 

Q.B. 

25 

'Boiling  range  270-310^  F.:  KB  96. 

''Q.B.  separation  <10  min;  SB.  >10  min. 


the  spray  application.  Trees  were  sprayed  from 
18  to  30  April  1970. 

Design  and  Sampling 

The  experimental  design  is  a  repeated  mea- 
sure two-factor  design  repUcated  at  two 
locations.  The  14  treatments  were  randomly 
assigned  to  14  plots  in  each  location,  with  each 
plot  containing  five  trees.  Test  variables  were 
methoxychlor  deposits  and  bark  beetle  re- 
sponses on  twigs  from  12  sectors  of  each  tree. 
The  crowns  of  trees  were  marked  off  into  12 
sectors  (three  levels  and  four  quadrants).  Five 
twigs  were  collected  from  each  sector  for  chem- 
ical analysis.  An  additional  sample  of  10  twigs 
per  sector  was  collected  for  bioassay  from  26 
trees  which  had  not  been  previously  sprayed 
with  DDT.  Trees  were  sampled  twice,  once 
from  6  to  21  days  after  spraying  and  again  from 
152  to  172  days  after  spraying. 

Chemical  Assay 

Samples  were  analyzed  on  a  Varian  Aero- 
graph' chromatograph  equipped  with  an  Ni-63 
electron  capture  detector.  A  Vs-in.  O.D.  glass 
column,  6  ft.  long,  packed  with  5  percent  DC- 
11  on  70  to  80  mesh  Aeropack  30  with  a  nitro- 
gen exit  flow  of  30  to  35  ml. /min.  was  used. 
Relevant  temperatures  were:  injection  port 
245'C.,  column  235'C.,  detector  375'C.  Re- 
tention time  of  methoxychlor  was  about  4 
minutes. 

Circular  patches  (4.5  mm".)  were  cut  from 
crotches  of  twigs  with  sharpened  tubing.  Meth- 
oxychlor was  dissolved  from  five  patches  of  a 
sector  by  shaking  them  in  a  nanograde  hexane 
for  about  15  minutes.  When  necessary,  samples 


were  diluted  with  up  to  110  ml.  of  hexane  to 
bring  the  amount  of  methoxychlor  injected 
within  linear  range  of  the  detector.  Three  ul. 
of  hexane-methoxychlor  extract  were  injected 
into  the  chromatograph.  After  even,'  fourth 
sample,  methoxychlor  standards  were  injected. 
The  heights  of  sample  peaks  were  compared 
with  standard  peaks  to  determine  the  meth- 
oxychlor concentration  in  samples. 

Most  methoxychlor  deposits  on  elm  twigs 
ranged  from  0.1  to  1.0  /xg./mm-'.  (ca.  200  to 
2,000  ppm) .  Because  this  concentration  is  high, 
a  complex  sample  preparation  procedure  was 
not  necessar>'.  The  procedure  was  sufficient  to 
distinguish  biologically  significant  differences 
in  amounts  of  methoxychlor.  However,  the  as- 
say overestimated  light  deposits  and  underes- 
timated heavy  deposits.  Calibration  studies 
show  that  recovery  of  methoxychlor  added  to 
twigs  was  about  133  percent  at  0.10  ug./mm.-, 
80  percent  at  0.75  /xg./mm.-,  and  75  percent  at 
100  ag./mm.-. 

Bioassay 

A  bioassay  described  by  Barger  et  al.  (1970) 
was  used  to  evaluate  feeding  rates  of  beetles. 
A  beetle  was  caged  in  a  small  perforated  brass 
cylinder  on  the  crotch  of  an  elm  twig  and  al- 
lowed to  feed  for  24  hours.  A  twig  was  con- 
sidered protected  if  a  beetle  did  not  feed  to 
the  xylem. 

Analysis 

For  each  treatment  (combination  of  formu- 
lation, equipment,  location),  means  of  meth- 
oxychlor deposits  were  plotted  against  vari- 
ances.   There   was   a   consistent   relationship 


between  X  and  S-  for  treatments  applied  by 
the  same  equipment.  Because  of  this  relation- 
ship, observations  of  methoxychlor  deposits 
were  transformed  to  logarithm  Y  to  stabilize 
variances  for  ANOVA.  In  addition,  the  rela- 
tionship for  hydraulic  treatments  was  different 
from  treatments  by  mistblower  and  helicopter. 
Therefore,  data  from  helicopter  and  mistblower 
treatments  were  analyzed  together  and  a  sepa- 
rate analysis  was  run  for  the  treatment  with 
hydraulic  spraying. 

The  association  between  chemical  assays 
and  bioassays  was  approximated  graphically. 
Since  the  two  assays  cannot  be  conducted  on 
the  same  twigs,  amounts  of  methoxychlor  on 
bioassayed  twigs  were  estimated  by  the  mean 
methoxychlor  residue  on  the  other  random 
sample  of  twigs  from  the  same  sectors.  Beetle 
feeding  failure  on  twigs  within  a  range  of  esti- 
mated amounts  of  methoxychlor  were  averaged 
and  plotted  at  the  midpoint  of  this  range. 

Because  negligible  spray  deposits  resulted 
from  helicopter  treatments  in  Ohio,  none  of  the 
data  from  these  trees  were  analyzed.  Because 
most  trees  in  Massachusetts  had  too  few  twigs 
in  the  lower  sections,  only  data  from  the  top 
and  middle  levels  of  these  trees  were  included 
in  the  analysis. 

RESULTS  AND  DISCUSSION 

Important  parameters  of  spray  application 
are:  amount  and  variation  in  deposits;  persis- 
tance  of  deposits;  and  ability  of  insecticide  to 


prevent  feeding.  Insecticides  should  be  highly 
toxic  to  beetles  and  should  be  deposited  where 
beetles  are  likely  to  contact  them.  There  should 
be  uniform  coverage,  each  twig  with  just 
enough  insecticide  to  deter  feeding.  Toxic 
residues  should  remain  on  twigs  for  several 
months. 

Analysis  showed  that  the  significant  factors 
in  the  experiment  were  type  of  spray  equip- 
ment and  level  in  tree. 

Amounts  and  Variation  in  Deposits 

Amounts  of  methoxychlor  deposited  differed 
with  the  method  of  application.  The  difference 
was  most  evident  at  the  middle  and  lower 
levels  of  tree  crowns.  Deposits  on  middle  and 
lower  levels  of  trees  sprayed  by  mistblower  or 
hydraulic  sprayer  were  about  twice  as  heavy 
as  deposits  on  top  (table  2). 

Helicopter  deposits,  however,  were  more 
than  twice  as  heavy  on  top  as  on  the  middle. 
On  treetops,  which  are  considered  most  sus- 
ceptible to  beetle  attack  ( Wolfenbarger  and 
Buchanan  1939),  the  three  types  of  equipment 
resulted  in  about  equally  heavy  deposits  with 
the  doses  used  in  this  study. 

The  different  types  of  spray  equipment  re- 
quired the  application  of  different  doses  to  the 
trees.  The  average  dose  per  tree  was  4.2  lb.  for 
the  hydraulic  sprayer,  1.9  lb.  for  the  mist- 
blower, and  1.6  lb.  for  the  helicopter  even 
though  the  average  tree  heights  were  about  the 
same:  52  ft.,  57  ft.,  and  50  ft.,  respectively. 
Comparing  the  amount  of  methoxychlor  de- 


Table  2. — Average  methoxychlor  deposifs  defecfed  on  elm  twig 
crotches  after  spraying  with  mistblower,  hydraulic 
sprayer  or  helicopter 


Type 
of 

Average  ,ug  methoxychlor/mm- 

-  of  hark 

Initial  samples  from 

Final  samples  from 

equipment 

Top                Middle           Bottom'               Top 

Middle          Bottom" 

Mist 

Hydraulic 
Helicopter 
Mist  versus 
helicopter 


0.43 
.60 
.53 

NS 


1.02 
.91 
.24 


0.95 

1.05 

.15 


0.16 
.21 
.14 


0.45 
.44 
.10 


0.54 
.57 
.06 


NS  -  Not  significant  at  .05  level  of  probability. 
**  -  Significant  at  .01  level  of  probability. 

No  test  completed. 

'Values  on  bottom  levels  not  included  in  averages  or  statistical  analyses  because  many 
trees  had  few  twigs  on  bottom  levels. 
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Figure  1.  —  Frequency  distribution  of  initial  nnethoxychlor 
deposits  on  three  levels  of  elm  crowns,  sprayed  by  helicopter, 
mistblower,  and  hydraulic  sprayer. 
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posited  on  a  tree  with  the  amount  sprayed  at 
a  tree,  the  mistblower  is  clearly  the  most  ef- 
ficient. Comparing  the  amount  deposited  on 
treetops  with  the  amount  sprayed,  the  heli- 
copter is  the  most  efficient. 

Although  spray  operators  were  skilled  and 
worked  carefully,  uneven  coverage  was  com- 
mon with  each  type  of  equipment.  Methoxy- 
chlor  deposits  varied  widely  among  tree  sectors. 
Often  there  was  a  lOX  difference  between  the 
lightest  and  heaviest  deposits  within  the  crown 
of  a  single  tree  and  a  2X  difference  between  the 
lightest  and  heaviest  deposits  on  trees  sprayed 
at  the  same  time  by  the  same  operator,  with 
the  .same  equipment  and  formulation.  Only  a 
small  part  of  deposit  variability  can  be  ex- 
plained by  differences  in  tree  size.  Doses  de- 
pended on  tree  size;  an  operator  sprayed  a  tree 
until  he  estimated  it  was  adequately  covered. 
Amounts  of  methoxychlor  sprayed  at  trees 
varied  from  1.1  to  11.2  lb.,  depending  on  tree 
size,  equipment,  and  operator. 

The  frequency  distribution  shows  the  varia- 
tion in  deposits  for  each  type  of  equipment  on 
each  level  of  the  trees  (fig.  1).  The  best  dis- 
tribution of  deposits  was  on  the  bottom  level 
of  hydraulically  sprayed  trees.  Most  twigs  on 
this  level  were  consistently  covered  with  rela- 
tively heavy  amounts  of  methoxychlor.  Seven- 
ty-six percent  of  the  twigs  had  between  0.75 
and  1.50  //,g./mm.-  of  methoxychlor. 

A  comparison  between  deposits  at  the  mid- 
dle level  by  mistblower  and  by  hydraulic  spray- 
ing shows  that  variances  differed  although 
average  deposits  on  trees  sprayed  by  both 
types  of  equipment  were  about  the  same,  1.02 
and  0.91  fig/mm.-  On  mistblower-sprayed 
trees  about  3X  as  many  twigs  were  covered 
with  less  than  0.25  ;u,g./mm.-  as  on  hydraulic- 
ally  sprayed  trees. 

The  variability  of  deposits  on  treetops  was 
similar  for  each  type  of  equipment.  Hydraulic 
and  helicopter  deposits  were  slightly  heavier 
than  mistblower  deposits.  However,  for  all  3 
types  of  equipment  at  least  25  percent  of  the 
twigs  had  deposits  of  less  than  0.25  /i,g./mm.- 

Persistence 

In  general,  methoxychlor  deposits  from  all 
formulas  sprayed  by  each  type  of  equipment 
in   both   areas  weathered  at   the   same   rate 


(table  2).  Deposits  after  5  months  depended 
primarily  on  initial  deposits.  After  5  months, 
residual  methoxychlor  was  from  one-third  to 
one-half  the  initial  amount. 

Feeding  Prevention 

Beetle  feeding  was  inversely  proportional  to 
amounts  of  methoxychlor  on  twigs.  In  a  study 
of  methoxychlor  effectiveness  (Barger  et  al. 
1972),  about  90  percent  of  elm  bark  beetles 
were  deterred  from  feeding  by  1.1  fig. /mm.-  of 
methoxychlor.  About  50  percent  were  deterred 
by  0.5  /(.g./mm.-  Toxicity  of  deposits  by  mist- 
blower and  helicopter  were  similar  in  this  study 
(fig.  2).  However,  deposits  from  hydraulic 
sprayers  appeared  to  be  1.5  times  as  toxic.  One 
possible  explanation  for  the  greater  toxicity 
of  hydraulic-sprayer  deposits  is  uniform  cover- 
age. All  twigs  within  a  sector  were  covered  with 
about  the  same  amount  of  insecticide.  On  the 
other  hand,  mistblowers  and  helicopters  atom- 
ize spray,  and  methoxychlor  deposits  vary 
among  twigs.  Some  twigs  may  have  heavy  de- 


Figure  2.  —  Association  between  beetle 
feeding  and  methoxychlor  deposits  fronn 
mistblower,  helicopter,  and  hydraulic 
applications.  Average  bark  beetle  feed- 
ing failure  rate  within  intervals  of  esti- 
mated methoxychlor  deposits  (plotted  at 
the  midpoint  of  the  intervals). 
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posits  and  others  light  deposits,  and  beetles 
may  feed  on  the  lightly  covered  twigs. 

The  best  equipment  for  spraying  elms  de- 
pends on  job  requirements.  Helicopter  appH- 
cations  offer  treetop  coverage  equal  to  that 
achieved  by  ground  equipment,  but  at  lower 
doses  and  with  greater  speed.  However,  heli- 
copters are  so  sensitive  to  wind  that  in  some 
areas  few  days  are  suitable  for  spraying. 

Hydraulic  sprayers  have  the  advantages 
that  deposits  are  heavier  and  more  uniform 
than  with  other  equipment;  they  are  maneu- 
verable;  and  they  are  least  sensitive  to  wind. 
However,  hydraulic  sprayers  use  more  than 
twice  as  much  insecticide  as  helicopters  and 
require  more  time. 

Mistblowers  are  intermediate.  Their  speed, 
maneuverability,  sensitivity  to  wind,  amount 
of  insecticide  used,  and  amount  deposited  are 
between  those  of  hydraulic  and  helicopter  ap- 
plications. 

SUMMARY  AND  CONCLUSION 

When  used  as  recommended,  the  three  types 
of  spray  equipment  produced  considerably  dif- 
ferent deposits.  Deposits  from  the  hydraulic 
sprayer  were  heaviest  and  most  uniform,  but 
it  used  twice  as  much  insecticide  as  the  mist- 
blower  or  helicopter.  Average  deposits  applied 
by  mistblower  were  almost  as  heavy  as  those 
of  the  hydraulic  sprayer,  but  deposits  were 
more  variable.  Although  average  deposits  from 
helicopter  spraying  were  about  half  as  heavy 
as   those   from   the   mistblower  or  hydraulic 


sprayer,  deposits  on  treetops  were  about  the 
same  for  all  three  types  of  equipment.  Most 
methoxychlor  applied  by  hehcopter  was  on 
treetops,  whereas  most  applied  by  mistblower 
or  hydraulic  sprayer  was  on  the  lower  crown. 
Regardless  of  the  equipment,  most  treetop  de- 
posits were  less  than  0.5  /xg./mm.-  Protection 
should  be  best  on  the  tops  of  trees  because 
beetles  feed  more  there  than  at  lower  levels. 

The  five  formulations  resulted  in  about  the 
same  deposits.  If  real  differences  existed 
among  formulations  these  differences  were 
small  compared  to  differences  among  plots  and 
trees. 

Because  weathering  reduced  methoxychlor 
deposits  to  one-third  to  one-half  initial 
amounts,  protection  appears  to  be  marginal 
after  5  months. 
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registered  by  appropriate  State  and/or  Federal 
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domestic  animals,  desirable  plants,  and  fish  or  other 
wildlife — if  they  are  not  handled  or  applied  prop- 
erly. Use  all  pesticides  selectively  and  carefully. 
Follow  recommended  practices  for  the  disposal  of 
surplus  pesticides  and  pesticide  containers. 
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QUALITY   DISTRIBUTION 

OF  PALLET  PARTS 

FROM  LOW-GRADE  LUMBER 


ABSTRACT 

To  produce  better  pallets,  the  higher  quality  parts  should  be  used 
in  the  more  vulnerable  positions  in  the  pallet.  To  determine  the  fea- 
sibility of  doing  this,  pallet  parts  cut  from  commonly  used  lumber 
mixes  were  graded  into  four  quality  levels.  The  distributions  obtained 
indicate  that  sufficient  numbers  of  high-quality  parts  can  be  cut  from 
existing  raw  material  to  allow  selective  placement.  Four  species  groups 
— eastern  hardwood,  southern  pine,  Douglas-fir,  and  a  small  amount  of 
western  hardwood — were  included  in  the  studv. 


The  most  efficient  way  to  produce  better 
pallets  is  to  place  higher  quality  parts  in  criti- 
cal places  in  the  pallet.  The  "PEP"  study  on 
the  performance  of  wooden  pallets  under  nor- 
mal use  conditions  has  shown  that  the  more 
exposed  pallet  parts  are  subject  to  more  dam- 
age than  interior  parts.'  The  selective  place- 
ment of  high-quality  parts  in  the  pallet  struc- 
ture reduces  damage  and  extends  the  useful 
life  of  a  pallet.  To  employ  our  wood  resources 
efficiently  and  to  minimize  the  cost  of  the 
wooden  pallet,  pallets  must  be  constructed  so 
as  to  get  the  maximum  benefit  from  the  raw 
materials  available. 

The  primary  objective  of  this  study  was  to 
determine  if  the  mix  of  lumber  presently  used 
to  manufacture  pallet  parts  is  high  enough  in 
quality  to  provide  the  quality  parts  needed  in 
the  exposed  locations  of  pallets. 


'Wallin,  W.  B.,  J.  J.  Strobol,  R.  E.  Frost,  and  l\  R. 
Stinson,  PEP  Research  Study  Report.  Unpublished. 
Northeastern  I-'orest  Experiment  Station.  Forest  Pro- 
ducts Marketint;  Laboratory.  Prineeton,  West  Virginia 
482  pp. 


The  vulnerable  areas  of  the  pallet  referred 
to  here  include: 

(a)  the  two  top  deck  endboards — 15  percent 
of  the  total  deck  volume; 

( b)  the  two  bottom  deck  endboards — 15  per- 
cent of  the  total  deck  volume;  and 

(c)  the  two  outside  stringers — 67  percent  of 
the  total  stringer  volume. 

A  secondary  objective  was  to  evaluate  the 
effect  of  species  and  cutting  method  on  the 
quality  distribution  of  parts  cut  from  com- 
monly used  lumber  grades. 


BACKGROUND 

Before  World  War  II  there  was  a  very  lim- 
ited market  for  the  low-grade  lumber  cut  in 
and  around  the  pith  area  of  logs,  and  this 
waste  material  created  disposal  problems  in 
many  sawmills.  The  handling  of  unit  loads  of 
products  with  forklift  trucks  and  wooden  pal- 


lets  developed  during  World  War  II.  The 
adoption  of  this  method  by  industry  has  prov- 
ided large  and  stable  market  outlets  for  the 
low-grade  lumber  used  to  manufacture  wooden 
pallets.  The  wooden  pallet  and  container  in- 
dustry now  uses  nearly  one-fourth  of  all  hard- 
wood lumber  produced  in  the  United  States. 
Increased  handling  costs  have  encouraged 
unit-load  movement  of  goods  and  in  turn  in- 
creased the  demand  for  pallets. 

During  the  years  immediately  following 
World  War  II,  the  pallet  and  container  indus- 
try was  almost  perfectly  competitive.  There 
were  many  small  firms  producing  and  selling 
pallets;  entry  into  and  exit  from  the  industry 
was  easy  because  the  investment  in  plant  and 
equipment  was  very  low;  and  the  products  of 
different  manufacturers  were  not  differentiated. 
In  an  attempt  to  relieve  some  of  the  competitive 
pressure,  many  manufacturers  took  advantage 
of  small  "captive"  markets  whereby  they  could 
differentiate  their  products  by  producing  a 
pallet  for  a  specific  industry  need.  Pallets  were 
used  primarily  for  handling  products  in  plants, 
and  as  a  result  pallet  sizes  and  designs  were 
specified  to  fit  individual  products.  Exchange 
of  pallets  between  different  owners  did  not  de- 
velop significantly  until  the  middle  1950s. 

Pallet   Exchange   System 

The  most  efficient  application  of  unit-load 
handling  is  the  system  in  which  pallets  are  ex- 
changed freely  among  the  various  shippers, 
carriers,  and  receivers  in  different  establish- 
ments, firms,  and  industries.  Such  a  system  on 
a  national  scale  reduces  the  costs  of  handling 
and  shipping  products  by  using  labor  and 
equipment  more  efficiently,  by  using  pal- 
lets more  efficiently,  and  by  using  raw  materi- 
als more  efficiently  to  produce  pallets.  But  be- 
cause different  firms  and  industries  use  such  a 
wide  range  of  pallet  designs  and  sizes,  the  im- 
plementation of  major  inter-industry  pallet 
exchange  systems  is  hampered. 

Two  basic  requirements  of  pallets  to  be 
used  in  exchange  sysetms  are:  (1)  standards 
of  quality  for  all  pallets  within  the  system  to 
insure  equal  exchange;  and  (2)  standards  of 
design  and  size  to  insure  that  all  pallets  can  be 
used  in  all  materials  handling  systems  and  in 
all  transportation  equipment. 


Current  Practices 

Pallet  manufacturers  use  lumber  that  is 
"left  over"  from  the  manufacture  of  other  pri- 
mary products.  The  cost,  quality,  and  species 
mix  of  lumber  available  for  pallet  manufacture 
varies  with  and  is  dependent  upon  the  mar- 
kets for  such  primary  products  as  furniture, 
general  construction,  flooring,  and  cross-ties. 
Most  pallets  are  manufactured  from  what  is 
known  as  "pallet  grade"  or  "sound  square 
edge"  lumber  and  cants.  In  standard  lumber 
grade  terms,  pallet  grade  material  is  generally 
composed  of  varying  proportions  of  No.  3A 
and  3B  Common,  and  in  some  instances  a 
small  portion  of  No.  2  Common,  lumber.  Most 
pallet  producers  do  not  grade  the  lumber  they 
buy;  nor  do  they  grade  the  pallet  parts  they 
produce.  Different  quality  pallets  are  normally 
produced  by  varying  the  proportions  of  higher 
quality  lumber  used  to  produce  the  parts  and 
by  setting  higher  quality  levels  for  "culling 
out"  unsuitable  parts  after  manufacture. 

Before  there  can  be  a  quality  selection  sys- 
tem for  pallet  parts  that  will  insure  the  place- 
ment of  high-quality  parts  in  vulnerable  areas 
of  a  pallet,  quality  classes  must  be  defined  and 
their  distributions  measured.  After  quality 
distributions  have  been  determined,  the  infor- 
mation can  then  be  related  to  the  quality 
selection  system. 

This  information  is  of  value  to  pallet  produ- 
cers as  a  means  of  evaluating  the  quality  of 
parts  they  presently  produce  or  buy,  and  to 
pallet  users  as  a  means  of  determining  that 
the  pallets  actually  do  meet  the  specifications. 


METHODS 

Four  species  groups— eastern  hardwood, 
southern  pine,  Douglas-fir,  and  western  hard- 
wood—all commonly  used  in  the  production  of 
pallets,  were  included  in  the  survey.  Pallet 
deckboards  were  selected  at  random  from  ex- 
isting inventories  at  several  pallet  plants  in 
the  eastern,  southern,  and  western  United 
States.  Only  deckboards  were  evaluated  in 
this  survey  because  they  were  available  and 
easily  graded.  It  was  assumed  that  the  quality 
distribution  of  .stringers  is  approximately  the 
same  when  they  are  cut  from  raw  material  of 
similar  quality. 


Each  part  was  "graded"  into  one  of  four 
grades  developed  from  the  pallet  specifications 
of  the  National  Wooden  Pallet  and  Container 
Association,  and  used  by  the  Forest  Products 
Marketing  Laboratory,  United  States  Forest 
Service,  in  the  conduct  of  the  "PEP"  study. 
The  data  obtained  on  the  grade  distribution  of 
parts  used  in  the  "PEP"  pallets  is  thus  com- 
parable to  the  data  obtained  from  this  study. 

In  general,  the  four  grades  were  designed  to 
allow  the  following  distinctions: 

Grade  2  &  Better— approximately  one-fourth 
reduction  in  strength  due  to  defect. 
Grade  3— approximately  one-third  reduction 
in  strength  due  to  defect. 
Grade  4— approximately  one-half  reduction 
in  strength  due  to  defect. 
Grade  5— cull— part  with  more  than  50  per- 
cent reduction  in  strength  due  to  defects. 

The  grading  criteria  are  presented  in  detail  in 
the  appendix. 


RESULTS 


EASTERN    HARDWOOD 


Yields 


Data  were  collected  at  mills  from  New  York 
to  Alabama  to  obtain  a  representative  sample 
of  species.  Species  mixes  included  maple, 
beech,  and  birch  from  the  Northeast;  oak  from 
central  Appalachia;  and  a  mixture  of  oak  and 
gum  from  the  Southeast. 

At  seven  different  mills  a  total  of  17,817 
parts  totaling  20,942  board  feet  were  graded 
(table  1).  At  three  of  the  seven  mills,  graded 


Table  I . — Summary  of  eastern  hardwood  sample 


Total  no. 

Total 

Lumber 

of  parts 

Volume 

Predominant 

srade 

graded 

(bd.ft.) 

species 

2  Common 

2,023 

2,741 

Oak,  Maple 

3A  Common 

1,283 

1,895 

Oak,  Maple 

3B  Common 

1,697 

2,599 

Oak,  Maple 

Pallet  grade 

7,994 

9,056 

Maple,  Oak, 

(Northeast) 

Beech 

Pallet  grade 

4,820 

4,651 

Oak 

(Southeast) 

Total 

17,817 

20,942 

4/4  lumber  samples  of  approximately  1,000 
board  feet  each  of  2  Common,  3A  Common, 
and  SB  Common  were  cut  into  pallet  parts. 
This  provided  information  on  the  grade  distri- 
bution of  pallet  parts  cut  from  specific  lumber 
grades.  The  lumber  samples  were  selected  in 
random  lengths  and  widths  from  existing  in- 
ventories at  the  pallet  plants  or  supplier  saw- 
mills. The  samples  at  the  other  four  locations 
were  of  pallet  grade  and  sound  square  edge 
material  which  was  not  sorted  by  standard 
lumber  grades. 

The  results  indicate  that  lumber  grade  and 
cutting  method  have  a  significant  effect  on  the 
quality  distribution  of  pallet  parts.  Species  of 
wood  did  not  affect  the  quality  distribution  of 
parts  cut  from  lumber  of  comparable  quality. 

Hardwood  pallet  parts  are  produced  nor- 
mally by  gang  cutting,  in  which  several  saws 
cut  simultaneously  to  produce  several  parts. 
For  processing  hardwood  lumber  into  pallet 
parts  a  multiple  crosscut  process  is  employed 
to  reduce  a  10-foot  board,  for  example,  into 
three  40-inch  deckboards.  In  this  process, 
there  is  no  opportunity  to  cut  around  defects. 
This  is  the  process  that  was  used  to  produce 
the  "gang"  cut  parts  evaluated  in  this  study. 
Parts  are  also  "gang"  cut  by  cross-cutting 
cants  to  length  and  then  processing  the  cants 
through  a  multiple-rip  gang  saw. 

Selective  cutting  employs  a  single  saw 
which  makes  one  cut  at  a  time  to  produce  one 
part  at  a  time.  When  this  method  is  employed, 
the  defects  are  usually  cut  out  and  several  dif- 
ferent lengths  of  parts  may  be  produced  from 
one  board. 

The  gang  method  is  the  method  most  often 
used  to  produce  hardwood  pallet  parts.  Selec- 
tive cutting  is  used  mostly  by  manufacturers 
who  lack  the  capital  required  to  install  gang 
saws.  The  selectively  cut  hardwood  parts  eval- 
uated in  this  survey  required  an  average  cut- 
up  time  of  70  minutes  per  thousand  board  feet 
and  yielded  85  percent  usable  volume.  Gang- 
cut  parts  required  an  average  cut-up  time  of 
only  31  minutes  per  thousand  board  feet  and 
yielded  88  percent  usable  volume. 

Gang-cut  3A  Common  lumber,  the  predomi- 
nant grade  used  in  hardwood  pallets,  yielded 
42  percent  Grade  2  and  better  parts,  with  33. 
16,  and  9  percent  in  Grades  3,4,  and  5  respec- 


Figure  I. — Quality  distribution  of  hardwood  pallet 
parts  cut  from  three  lumber  grades  by  two  cutting 
methods. 
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Figure  2. — Quality  distribution   of  hardwood   parts 
gang  cut  from  pallet  grade  lumber  in  the  North  and 
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Figure  3. — Distribution  of  downgraded  hardwood  pallet  parts  by 
type  of  defect  and  lumber  grade. 
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tively  (fig.  1).  Gang-cut  No.  2  Common  lum- 
ber yielded  56  percent  Grade  2  and  better 
parts,  while  3B  Common  yielded  32  percent 
Grade  2  and  better  parts. 

The  three  selectively  cut  samples  of  No.  2 
Common,  3A  Common,  and  3B  Common  lum- 
ber yielded  74,  58,  and  50  percent  respectively 
Grade  2  and  better  parts. 

The  quality  distribution  of  gang-cut  parts 
from  pallet  grade  lumber  and  cants  closely  re- 
sembled the  distribution  of  gang-cut  parts 
from  3 A  Common  lumber  (fig.  2).  These  simi- 
lar distributions  confirm  the  opinion  of  the 
pallet  manufacturers  that  3A  Common  grade 
comprises  the  major  portion  (approximately 
60  percent)  of  the  pallet  grade  category. 
Gang-cut  pallet-grade  lumber  in  the  North 
yielded  48,  36,  11,  and  5  percent  in  part 
Grades  2  and  better,  3,  4,  and  5  respectively. 
Gang-cut  pallet-grade  lumber  in  the  South 
yielded  50,  25,  15,  and  10  percent  in  part 
Grades  2  and  better,  3,  4,  and  5  respectively. 

Defect  Characteristics 

The  defects  evaluated  in  the  grading  proc- 
ess consisted  of  knots,  wane,  pith,  cross  grain, 
splits  and  shake,  holes  and  loose  knots,  decay, 
and  mismanufacture.  A  defect  severity  scale 
relating  these  characteristics  to  the  grades  is 
included  in  the  appendix. 

Knots  were  the  most  frequent  cause  of 
downgraded  parts  (fig.  3).  The  percentage  of 
parts  downgraded  because  of  knots  ranged 
from  48  percent  in  parts  cut  from  3B  Common 
to  61  percent  in  parts  cut  from  3A  Common. 

Pith  was  another  major  cause  of  downgrad- 
ing, accounting  for  19,  18,  15,  and  12  percent 
of  the  defects  in  the  parts  cut  from  pallet 
grade,  3B  Common,  3A  Common,  and  2  Com- 
mon, respectively. 

SOUTHERN   PINE 

Southern  pine  pallet  parts  were  graded  at 
two  locations  in  the  South.  At  one  location  the 
parts  were  cut  from  mill-run  boards  and  di- 
mension produced  from  small  diameter  logs. 
At  the  other  location  the  parts  were  cut  from 
No.  3  Grade  dimension.  Additional  data  on 
the  quality  distribution  of  parts  cut  from  No. 
2  Grade  dimension  is  available  from  the  PEP 


Table  2. — Summary  of  southern  pine  sample 


Lumber 
grade 


Total  no.  of        Total  volume 
parts  graded  (bd.  ft.) 


Mill-run 

No.  3  Dimension 

No.  2  Dimension 

Total 


1,554 
2,318 
1,500 


1,935 
1,779 
2,353 


5,372 


6,067 


research  study  report'  and  included  here  for 
comparative  purposes  (table  2). 

The  quality  distribution  of  .southern  pine 
parts  was  similar  to  that  of  eastern  hardwood 
(fig.  4).  Number  2  Grade  dimension  yielded 
62  percent  Grade  2  and  better  parts  while  No. 
3  Grade  dimension  yielded  only  36  percent. 
The  mill-run  sample  was  intermediate,  with  51 
percent  Grade  2  and  better  parts. 

The  distribution  of  downgraded  parts  by 
type  of  defect  is  shown  in  figure  5.  Knots  were 
by  far  the  most  frequent  cause  of  downgrad- 
ing, accounting  for  90,  87,  and  72  percent  of 
the  downgraded  parts  in  the  No.  2,  mill-run, 
and  No.  3  Grades  respectively.  The  remaining 
defect  categories  were  cross-grain,  pith,  and 
miscellaneous  defects  which  included  wane, 
splits  and  shake,  holes  and  loose  knots,  and 
mismanufacture.  The  cross-grain,  pith,  and 
miscellaneous  defects  accounted  for  a  rela- 
tively small  percentage  of  the  total  number  of 
downgraded  parts. 

DOUGLAS-FIR 

Methods  of  producing  pallet  parts  on  the 
West  Coast  are  radically  different  from  those 
used  in  the  Eastern  United  States. 

A  majority  of  the  deckboards  are  cut  from 
8/4  Economy  and  Utility  grade  Douglas-fir 
and  hemlock  dimension.  The  8/4  stock  is  re- 
sawn  to  produce  lumber  11/16  to  %  inch 
thick.  The  lumber  is  then  selectively  cut  into 
deckboards  of  the  desired  length. 

Parts  were  graded  at  two  locations  on  the 
West  Coast.  At  one  mill  the  resawn  dimension 
was  regraded  and  the  resulting  Construction 
Grade  lumlier  was  sold  to  the  construction  in- 
dustry. The  remaining  lumber  was  proce.ssed 
into  deckboards  and  sorted  into  two  use  class- 
es—permanent and  expendable.  At  the  other 
location,  all  of  the  resawn  dimension  was  proc- 


Figure  4. — Quality  distribution  of  southern  pine  pallet 
parts  gang  cut  from  three  lumber  grades. 
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Figure  5. — Distribution  of  downgraded  southern  pine 
pallet  parts  by  type  of  defect  and  lumber  grade. 
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essed  into  deckboards  and  sorted  into  three 
use  classes— clear,  permanent,  and  expendable. 

Clear  quality  parts  are  used  in  speciality 
products  such  as  crates,  bins,  and  boxes  and  do 
not  normally  go  into  warehouse  pallets.  Per- 
manent quality  parts  are  generally  used  in  re- 
turnable or  permanent  pallets.  The  expenda- 
ble parts  are  of  very  low  quality,  with  knots, 
decay,  and  cross-grain  the  predominant  types 
of  defects.  These  parts  are  used  exclusively  in 
the  as-sembly  of  nonreturnable,  one-trip  pal- 
lets. Because  of  this  use  classification,  our 
grading  efforts  were  concentrated  on  perma- 
nent quality  parts. 

Records  collected  over  a  2-year  period  at 
one  of  the  mills  show  that  Economy  grade  di- 
mension will  yield  10,  30,  and  30  percent  in 
clear,  permanent,  and  expendable  quality 
parts,  respectively,  with  30  percent  waste.  The 
same  records  show  that  Utility  grade  dimen- 
sion will  yield  20,  60,  and  10  percent  in  clear, 
permanent,  and  expendable  quality,  respec- 
tively, with  10  percent  waste.  Thus,  only  40 
percent  of  the  Economy  grade  and  80  percent 
of  the  Utility  grade  dimension  will  yield  parts 
suitable  for  permanent  warehouse  pallets. 

The  total  sample  consisted  of  2,449  parts,  a 
volume  of  4,250  board  feet  (table  3). 

The  permanent  quality  component  of  both 
Economy  and  Utility  grade  lumber  yielded  54 
percent  Grade  2  and  better  parts  with  27,  10, 
and  9  percent  in  Grades  3,  4,  and  5  respec- 
tively (fig.  6).  The  inclusion  of  the  clear  qual- 
ity component  (or  the  upgraded  Construction 
grade  lumber)  in  the  total  permanent  mix 
would  increase  the  amount  of  Grade  2  and 
better  parts  by  11  percent. 

The  distribution  of  downgraded  parts  by 
type  of  defect  is  shown  in  figure  7.  Knots  were 
the  most  frequent  cause  of  downgrading,  ac- 
counting for  56  percent  of  the  downgraded 
permanent  quality  parts.  Decay,  cross  grain. 


Figure     6. — Grade     distribution     of     "permanent" 
quality  Douglas-fir  pallet  parts. 
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Figure  7. — Distribution  of  downgraded  "permanent" 
quality  pallet  parts  cut  from  Douglas-fir  lumber. 
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Table  3. — Summary  of  Douglas-fir  sample 


Lumber 
grade 

Use 
class 

Total  no. 
of  parts 
graded 

Volume 
(bd.  ft.) 

Economy 
Utility 

Permanent 
Permanent 

1,618 
831 

2,784 
1,466 

Total 

2,449 

4,250 

and  holes  were  other  major  causes  of  down- 
grading, accounting  for  16,  10,  and  9  percent, 
respectively,  of  the  defective  parts. 

Two  hundred  Douglas-fir  and  100  hemlock 
3-  by  4-  by  48-inch  stringers  were  graded  at 
one  mill.  The  stringer  stock  had  been  manu- 


factured  and  sorted  in  the  normal  production 
process  of  the  mill.  The  grade  composition  of 
the  Douglas-fir  stringers  was  42  percent  Grade 
2  and  better,  19  precent  Grade  3,  25  percent 
Grade  4,  and  14  percent  Grade  5.  The  hem- 
lock had  63  percent  Grade  2  and  better,  12 
percent  Grade  3,  9  percent  Grade  4,  and  16 
percent  Grade  5  parts. 

WESTERN    HARDWOOD 

A  limited  amount  of  tanoak  lumber  is  used 
in  pallet  assembly  on  the  West  Coast.  Tanoak 
is  available  in  limited  quantities  and  as  a  re- 
sult   has    restricted     commercial     use.     The 


strength  of  tanoak  is  comparable  to  that  of 
the  more  dense  eastern  hardwoods  commonly 
used  in  pallet  assembly.  Because  of  its 
strength,  tanoak  could  be  used  in  small-order 
speciality  pallets  requiring  hardwood,  or  to 
reinforce  softwood  pallets. 

A  small  sample  of  tanoak  parts  was  graded 
at  one  mill.  The  parts  were  selected  at  random 
from  an  experimental  lot  produced  at  a  com- 
mercial sawmill  to  the  same  specifications  as 
Douglas-fir  stock.  The  parts  were  cut  from 
Grade  3  and  better  lumber  and  comparable  in 
quality  to  the  parts  cut  from  2  Common  east- 
ern hardwood  lumber.  The  quality  distribu- 
tion of  the  tanoak  parts  is  shown  in  table  4. 


Table  4. — Qualify  distribution  of  tanoak  pallet  parts 


No.  of 
pieces 

Bd.  ft. 

Part  distribution 

Parts 

Grade 

2& 
better 

Grade      Grade 
3               4 

Grade 

5 

Stringers 

6-inch  Deckboards 

4 -inch  Deckboards 

150 
100 
125 

400 
167 
139 

67 
50 
60 

Percent 
20               9 
29              13 
20              16 

4 
8 
4 

CONCLUSIONS 


This  survey  was  conducted  for  the  primary 
purpose  of  determining  the  quality  distribu- 
tion of  pallet  parts  cut  from  low-grade  eastern 
hardwood,  southern  pine,  and  Douglas-fir  lum- 
ber and  dimension  now  being  used  for  perma- 
nent warehouse  pallets.  The  following  conclu- 
sions are  indicated: 

•  There  is  sufficient  amounts  of  high  quality 
deckboards  (Grade  2  and  better)  in  existing 
pallet  lumber  mixtures  to  permit  the  place- 
ment of  these  parts  in  the  vulnerable  peri- 
pheral areas  of  the  assembled  pallet. 

If  the  quality  distribution  of  stringers  is 
comparable  to  that  of  deckboards,  the 
placement  of  Grade  2  and  better  stringers  in 
outside  positions   (66  percent  of  the  total 


stringer  volume)  will  require  selective  cut- 
ting, the  use  of  higher  grade  lumber,  lumber 
sorting,  or  some  other  method  of  improving 
the  quality  mix. 

There  is  a  significant  difference  in  the 
quality  distribution  of  pallet  parts  cut  from 
different  grades  of  hardwood  lumber. 

There  is  no  appreciable  difference  in  the 
quality  distribution  of  pallet  parts  cut  from 
different  species  of  comparable  quality. 

The  cutting  method  employed  has  a  signif- 
icant effect  on  the  quality  distribution  of 
the  parts.  The  selective  method  yields  a 
higher  quality  mix,  and  a  lower  output  per 
man-hour. 


APPENDIX 


SUMMARY  OF  PALLET  PART  GRADING  RULES 

Wood  characteristics  such  as  pin  knots,  stain,  small  surface  checks, 
mineral  streaks,  and  pin  worm  holes  that  do  not  affect  strength  were  not 
considered  as  defects. 

(a)  Knot  size — The  knot  diameter  relative  to  the  width  of  the  jjart  deter- 
mines the  grade  as  follows: 

Knot  diameter  <  V4  part  width  —  Grade  2  and  Better 
Knot  diameter  >  l^  but  <  V3  part  width  —  Grade  3 
Knot  diameter  >  V3  but  <  I/2  part  width  —  Grade  4 
Knot  diameter  >  1/2  part  width  —  Grade  5  (or  Cull) 

(b)  Number  of  knots  —  Knots  separated  by  more  than  3  inches  are  con- 
sidered as  separate  defects,  otherwise  the  combined  diameters  of  clusters  of 
knots  cannot  exceed  the  limitations  established  in  "a." 

U  ISfn  nanmg  area  [    ^l"e^tf  ^t^'radf  ""  ''^"^ 

(e)  Knots  above  stringer  notch   }         size  by  one  grade. 

(f)  Splits,  shake,  and  pitch  streaks 

Sum  of  lengths  <  V4  the  length  of  the  part  —  Grade  2  and  Better 
Sum  of  lengths  >  1/4  but  <  V2  the  length  of  the  part  —  Grade  3 
Sum  of  lengths  >  V2  but  <,  %  the  length  of  the  part  —  Grade  4 
Sum  of  lengths  >  %  the  length  of  the  part  —  Grade  5  (Cull) 

(g)  Cross  grain 

Slope  of  grain  <  1: 10  —  Grade  2  and  Better 
Slope  of  grain  >  1: 10  but  <  1:8  —  Grade  3 
Slope  of  grain  >  1 : 8  but  <  1 : 6  —  Grade  4 
Slope  of  grain  >  1: 6  —  Grade  5 

(h)  Wane  in  deckboard  or  stringer  —  wane  is  measured  in  units  of  1/256 
of  the  cross-sectional  area. 

Wane  <  16  units  —  Grade  2  and  Better 
Wane  >  16  but  <  32  units  —  Grade  3 
Wane  >  32  but  <  48  units  —  Grade  4 
Wane  >  48  units  —  Grade  5 

(i)   Decay 

None  allowed  —  Grade  2  and  Better 
Occupying  <  Vs  cross-sectional  area — Grade  3 
Occupying  >  Vs  but  <  Vi  cross-sectional  area — Grade  4 
Occupying  >  V4  cross-sectional  area  —  Grade  5 

(j)   Knot  holes  and  loose  knots 

Hole  diameter  <  Vs  the  width  of  the  part  —  Grade  2  and  Better 
Hole  diameter  >  Vs  but  <  1/6  the  width  of  the  part  —  Grade  3 
Hole  diameter  >  1/6  but  ^  Va  the  width  of  the  part  —  Grade  4 
Hole  diameter  >  Vi  the  width  of  the  i^art  —  Grade  5 

(k)   Mismanufacture 

Tolerance  —  Thickness  ±  Vs  inch 
Width  and  length  ±  V4  inch 
Parts  exceeding  these  limits  are  Grade  5  with  no  intermediate  grade. 

(1)   Pith 

None  allowed     —  Grade  2  and  Better 

Face  pith  —  Grade  3 

Boxed  pith         —  Grade  4 

(No  Grade  5  associated  with  pith) . 
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wildlife,  and  recreation.  Through  forestry  research, 
cooperation  with  the  States  and  private  forest 
owners,  and  management  of  the  National  Forests 
]  and  National  Grasslands,  it  strives  —  as  directed 
by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 
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Economic  Analysis 

of  the  Gypsy  Moth  Problem 

in  the  Northeast 

II.  Applied  to  Residential  Property 


ABSTRACT 

Guidelines  are  presented  for  determining  dollar  losses  in  residential 
property  values  from  tree  mortality  caused  by  the  gypsy  moth.  The 
method  is  based  on  an  earlier  study  in  Amherst,  Massachusetts,  of 
the  contribution  of  trees  to  property  values.  For  each  target  area,  the 
method  requires  data  on  property  value,  lot  size,  and  number  of  trees 
6  inches  dbh  and  larger  for  a  sample  of  residential  properties.  Also 
required  are  predictions  of  tree  mortality  from  a  gypsy  moth  attack. 


INTRODUCTION 

^  HE  GYPSY  MOTH  is  an  important  insect 
pest  affecting  trees  throughout  the  north- 
eastern United  States.  It  is  particularly  de- 
structive in  residential  areas,  where  the  value 
of  trees  for  their  production  of  amenities 
exceeds  their  value  for  conversion  into  wood 
products.  Rational  pest  control  decisions  re- 
quire knowledge  of  the  economic  impact  of  pest 
attacks,  but  a  measure  of  the  dollar  value  of 
trees  in  residential  areas  is  difficult  to  obtain. 
This  paper  presents  a  method  for  evaluating 
the  dollar  loss  in  residential  property  values 
from  tree  mortality  caused  by  the  gypsy  moth. 
The  method  presented  here  is  based  on  only 
one  study,  and  its  use  is  restricted  by  several 
assumptions  detailed  below.  Thus,  the  value 
estimates  this  method  produces  are  probably 
not  accurate  in  many  specific  locations  affected 
by  the  gypsy  moth.  At  the  same  time,  the 
estimates  are  expected  to  prove  reasonably 
accurate  in  the  many  forested  residential  areas 
where  this  evaluation  method  is  appropriate 
for  use.  Until  now,  no  sound  method  has  been 
available  to  quantify  expected  value  losses 
there,  and  such  estimates  are  urgently  needed 
by  federal,  state,  and  local  agencies  to  improve 
gypsy  moth  control  decisions. 


MEASURING  THE  CONTRIBUTION 
OF  TREES  TO  PROPERTY  VALUES 

The  value  of  trees  in  residential  areas  cannot 
be  determined  simply  by  examining  market- 
established  prices.  Except  in  limited  quantities 
and  in  the  smallest  sizes,  these  trees  are  not 
bought  and  sold  separately  from  the  property 
on  which  they  grow.  The  value  of  trees  for  con- 
version into  paper,  lumber,  or  firewood  is  not 
appropriate  for  trees  that  are  valuable  pri- 
marily for  their  shade  and  other  microclimatic 


benefits  and  for  their  aesthetic  contributions. 
But,  to  a  considerable  extent,  these  benefits 
contribute  to  residential  property  values.  This 
contribution  can  be  measured  by  comparing 
the  values  of  properties  that  have  similar  char- 
acteristics except  for  their  tree  cover. 

A  recently  completed  study'  has  measured 
the  contribution  of  trees  to  residential  property 
values  in  Amherst,  Massachusetts.  There,  trees 
contribute  an  average  of  7  percent  and  as  much 
as  15  percent  to  the  value  of  $25,000  to  $50,000 
homes  on  lots  averaging  20,000  square  feet. 
This  contribution  comes  only  from  trees  6 
inches  dbh  and  larger.  The  relationship  of  value 
contributed  by  trees  (V)  to  number  of  trees 
6  inches  dbh  and  larger  (t)  has  the  following 
form: 

V  =  300  t  -  5.22  t-  for  0  <  t  <  50,  and 

V  =  1950  for  t  >  50 

Thus,  value  added  by  trees  increases  at  a  de- 
creasing rate  to  a  maximum  value  of  $4,310  with 
29  trees  (fig.  1).  Because  the  Amherst  study 
included  no  properties  with  more  than  50  six- 
inch  and  larger  trees,  the  curve  shown  in  figure 
1  is  truncated  at  that  point,  and  the  value  con- 
tributed by  50  or  more  trees  is  assumed  to  be 
a  constant  $1,950.  The  values  shown  in  figure  1 
are  listed  in  table  1  as  an  aid  in  calculating  pre- 
attack  and  post-attack  tree  values. 

To  test  the  predictive  ability  of  the  Amherst 
property  value  equations  and  to  develop  a 
method  for  applying  one  or  more  of  these 
equations  to  the  estimation  of  losses  caused  by 
the  gypsy  moth,  we  selected  a  sample  of  prop- 
erties near  Stroudsburg,  Pennsylvania,  an  area 


'Payne,  Brian  R.  (unpublished)  The  contribution 
of  trees  to  residential  property  values  in  Amherst, 
Massachusetts.  (Manuscript  in  process;  Study  Plan 
on  file,  USDA  Forest  Service,  Northeastern  Forest 
Experiment  Station,  101  Flint  Laboratory,  University 
of  Massachusetts,  Amherst.  ) 


Figure    I. — Contribution  of  trees  to  property  value 
on  lots  averaging  20,000  square  feet. 
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heavily  infested  with  gypsy  moths.  Time  and 
manpower  limitations  prevented  a  replication 
of  the  Amherst  study;  thus,  we  assumed  that 
the  coefficients  for  independent  variables  were 
applicable  in  Stroudsburg,  and  we  tested  the 
predictive  ability  of  the  entire  equation.  The 
range  of  property  values  was  wider  in  Strouds- 
burg than  in  Amherst,  as  low  as  $7,000  and  as 
high  as  $42,000.  Although  the  Amherst  equa- 
tions overvalued  properties  at  the  low  end  of 
this  range  and  undervalued  properties  at  the 
high  end,  the  average  predicted  value  was 
nearly  identical  with  the  average  observed 
value.  Furthermore,  the  percentage  of  property 
value  contributed  by  trees  was  within  the  range 
found  in  the  Amherst  study. 

The  field  methods  and  calculation  procedures 
developed  as  a  result  of  the  Stroudsburg  test 
are  presented  below  as  a  set  of  guidelines. 

GUIDELINES  FOR  CALCULATING 
VALUE  LOSSES 

Loss  of  property  value  from  tree  mortality 
caused  by  the  gypsy  moth  is  predicted  by  ( 1 ) 
calculating  the  pre-attack  value  of  trees,  (2) 
predicting  tree  mortality  from  a  specified  level 
of  gypsy  moth  attack,  and  (3)  calculating  the 
post-attack  value  of  the  remaining  trees.  Value 
loss  is  the  difference  between  pre-attack  and 
post-attack  values. 

This  method  assumes  that  the  results  of  the 
Amherst  study  can  be  applied  directly  to  the 


target  area  for  which  value  loss  estimates  are 
to  be  made.  Therefore,  the  method  should  be 
used  only  for  residential  property,  that  is,  for 
lots  with  houses  on  them.  Ideally,  trees  should 
be  well  distributed  on  each  property  rather 
than  massed  in  only  one  area.  Individual  lot 
sizes  should  not  be  much  smaller  than  1/4  acre  or 
much  larger  than  1  acre,  and  the  observed  num- 
ber of  trees  must  be  adjusted  to  a  20,000- 
square-foot  lot-size  basis.  If  possible,  the  value 
of  properties  should  not  be  less  than  $25,000 
or  more  than  $50,000. 

Collect  Field  Data 

For  each  target  area,  select  a  sample  of  resi- 
dential properties,  and  collect  the  following 
data  for  each  property. 

( 1 )  Fair  market  value. 

(2)  Lot  size  in  square  feet. 

(3)  Number  of  trees  6  inches  dbh  or  larger. 

(4)  Data  required  to  predict  tree  mortality 
from  gypsy  moth  attack. 

The  number  of  properties  selected  for  the 
sample  will  depend  on  the  precision  of  estima- 
tion desired  and  the  inherent  variability  of  the 
population  being  sampled.  Calculate  sample 
size  following  standard  statistical  practice;  see, 
for  example,  Freese  (1967)  or  consult  a  statis- 
tician. 

Fair  market  value  estimates  are  needed  for 
two  reasons:  (1)  to  determine  whether  prop- 
erties fall  within  the  $25,000  to  $50,000  range 
as  in  the  Amherst  study,  and  (2)  to  calculate 
the  percentage  contribution  of  trees  to  property 
value,  as  a  check  on  the  reasonability  of  the 
absolute  values  calculated. 

The  fair  market  value  of  each  property  is  the 
value  that  it  would  bring  if  sold.  Recent  selling 
prices  will  not  be  available  for  most  properties. 
However,  local  real  estate  appraisers  can  be 
asked  to  estimate  the  current  value  of  each 
sample  property.  Depending  on  his  knowledge 
of  the  local  market,  an  appraiser  should  be  able 
to  estimate  value  fairly  accurately  by  visiting 
each  property  for  a  few  minutes  but  without 
entering  the  houses. 

Interviewing  homeowners  is  an  alternative 
means  of  determining  property  values,  but  this 
method  is  more  expensive  and  will  produce  less 
consistent  results  than  realtor  appraisals. 
Assessed  values  are  relatively  easy  to  obtain, 


but  they  are  generally  poor  estimates  of  cur- 
rent fair  market  values. 

Lot  size  in  square  feet  can  be  obtained  by 
pacing  property  lines,  by  examining  subdivision 
plans,  or  by  identifying  and  measuring  prop- 
erties on  large-scale  aerial  photographs. 

Number  of  6-inch  or  larger  trees  can  be  ob- 
tained by  simple  count  with  an  "eyeball  esti- 
mate" of  minimum  diameter.  On  many  lots, 
this  count  can  be  made  while  pacing  boundary 
lines.  With  more  than  50  six-inch  or  larger  trees 
per  20,000  square  feet  (approximately  i/^ 
acre),  estimate  their  number  to  the  nearest  5 
or  10  trees. 

Additional  field  data  may  be  required  to  pre- 
dict mortality  from  gypsy  moth  attack.  Such 
predictions  are  outside  the  scope  of  this  report, 
but  a  later  paper  in  this  series  will  provide  a 
method  of  mortality  estimation  based  on  tables 
developed  by  Campbell  and  Valentine  (1972). 
Use  of  their  tables  requires  observation  of  stand 
condition,  tree  species  and  dominance  class, 
and  a  knowledge  of  an  area's  past  history  of 
attack. 

Calculate  Pre-Attack  Value  of  Trees 

To  calculate  the  pre-attack  value  of  trees  for 
each  property,  adjust  the  observed  number  of 
6-inch  and  larger  trees  to  a  20,000-square-foot 
lot-size  basis,  using  the  following  formula: 


AT  =  OT 


20,000' 
L     LS    J 


where:  AT  =  adjusted  number  of  trees 
OT  =  observed  number  of  trees 
LS  =  observed  lot  size  in  square  feet 

Use  table  1  to  find  the  dollar  value  of  the  ad- 
justed number  of  trees. 

As  a  check  on  the  reasonability  of  the  values 
taken  from  table  1,  calculate  the  percentage 
that  trees  contribute  to  the  value  of  each  prop- 
erty. If  a  substantial  number  of  these  exceed 
15  percent,  or  if  the  average  for  all  sample 
properties  exceeds  15  percent,  the  values  in 
table  1  are  probably  too  high  and  should  be 
adjusted  downward.  This  problem  is  likely  to 
occur  with  low  valued  properties,  those  below 
$25,000. 

Observed  and  calculated  values  for  lot  size, 
number  of  trees,  and  tree  values  can  be  entered 
in  a  table  similar  to  that  shown  in  table  2. 

Calculate  Post-Attack  Value  of  Trees 

To  calculate  the  post-attack  value  of  trees, 
estimate  the  percentage  or  number  of  trees  on 
each  sample  property  that  would  be  killed  by 
a  specified  gypsy  moth  attack.  Such  an  estimate 
may  be  based  on  field  studies  that  accurately 
predict  expected  mortality,  or  it  may  be  a  best 
guess  based  on  judgment  and  experience.  Or, 
several  levels  of  mortality  may  be  postulated 
and  the  value  of  losses  calculated  for  each  level. 

Enter  estimated  mortality  of  trees  6  inches 
and  larger  in  column  6  of  table  2.  Subtract  this 
number  from  the  observed  pre-attack  number 


Table    I. — Contribution   to  residential   property  value  from   trees 
6  inches  dbh  and  larger 


No.  of 

Dollar 

No.  of 

Dollar 

No.  of 

Dollar 

trees 

value 

trees 

value 

trees 

value 

0 

$        0 

17 

$3,590 

34 

$4,160 

1 

290 

18 

3,710 

35 

4,100 

2 

580 

19 

3,810 

36 

4,030 

3 

850 

20 

3,910 

37 

3,950 

4 

1,120 

21 

4,000 

38 

3,860 

5 

1,370 

22 

4,070 

39 

3,760 

6 

1,610 

23 

4,140 

40 

3,650 

7 

1,840 

24 

4,190 

41 

3,520 

8 

2,070 

25 

4,240 

42 

3,390 

9 

2,280 

26 

4,270 

43 

3,250 

10 

2,480 

27 

4,290 

44 

3,090 

11 

2,670 

28 

4,310 

45 

2,930 

12 

2,850 

29 

4,310 

46 

2,750 

13 

3,020 

30 

4,300 

47 

2,570 

14 

3,180 

31 

4,280 

48 

2,370 

15 

3,320 

32 

4,250 

49 

2,160 

16 

3,460 

33 

4,210 

50 

1.950 

0) 

_3 

> 

c 


O 


-Q 


Loss 

in 

dollars 

o 

o 

>-l 

o 

-2 
? 

O 

0-t 

Value 

in 
dollars 

£ 

Al 

6 
2 

T3 

w 
3 

< 

s 

T3 
> 

a> 
to 

,£! 

O 

p 

Mortality 

in 

No.  of 

trees 

s 

u 
i 

Value 

in 
dollars 

S 

Al 

0) 

o 
d 

12; 

V 

tn 

_3 

< 

S 

-d 
> 

1 

o 

« 

Lot 
size, 
sq.  ft. 

M 

Property 
number 

iH 

of  trees  per  property  shown  in  column  3.  The 
result,  entered  in  column  7,  is  observed  post- 
attack  number  of  trees  per  property.  Adjust  this 
number  for  lot  size  as  before,  and  enter  the 
result  in  column  8  of  table  2. 

Again  refer  to  table  1  for  the  value  of  the 
adjusted  number  of  trees.  Enter  this  value  in 
column  9  of  table  2. 

Calculate  Value  Loss 

The  values  entered  in  table  2  are  used  to 
estimate  the  potential  or  expected  property 
value  loss  for  a  target  area  or  community.  Cal- 
culate the  total  pre-attack  value  of  trees  for 
the  target  area  by  summing  the  values  for  the 
sample  properties  (column  5),  and  expand  the 
sample  values  to  population  values.  For  ex- 
ample, if  a  simple  random  sample  of  5  percent 
of  residential  properties  in  a  community  has 
been  selected,  the  pre-attack  property  value  of 
trees  in  the  community  will  be  20  times  the 
total  value  for  the  sample.  Similarly,  calculate 
the  total  post-attack  property  value  of  trees 
(sum  of  column  9),  and  subtract  it  from  the 
pre-attack  value.  The  result  is  an  estimate  of 
property  value  loss  due  to  the  gypsy  moth. 

An  alternative  calculation  will  yield  the  same 
answer.  Calculate  the  loss  for  each  sample 
property  by  subtracting  post-attack  value  from 
pre-attack  value,  and  enter  the  result  in  column 
10  of  table  2.  Calculate  the  total  loss  for  sample 
properties  and  expand  this  figure  to  a  popula- 
tion value. 

With  either  calculation  method,  the  result 
is  the  loss  in  residential  property  value  from 
tree  mortality  caused  by  the  gypsy  moth,  for 
the  entire  community.  If  desired,  this  value  can 
be  converted  to  a  per  acre  value  by  dividing 
the  total  loss  by  the  total  residential  acreage 
within  the  community. 

Interpretation  of  Calculated  Losses 

It  is  possible  that  this  method  of  estimating 
losses  will  produce  negative  values,  either  for 
sample  properties  or  for  an  entire  community. 
That  is,  tree  mortality  may  result  in  higher 
property  values.  As  shown  in  figure  1,  the  con- 
tribution of  trees  to  property  values  is  a  maxi- 
mum with  29  six-inch  or  larger  trees  on  a  prop- 
erty of  20,000  square  feet.  Thus,  if  the  gypsy 
moth  reduces  the  adjusted  number  of  trees  to 


the  29  to  49  range,  estimated  property  value 
will  rise.  If  the  gypsy  moth  kills  trees  but  leaves 
at  least  50  on  a  20,000-square-foot  lot,  esti- 
mated property  value  will  be  unchanged. 

Property  value  losses  (or  gains)  estimated  by 
this  method  are  those  expected  to  occur  in  the 
absence  of  control  measures.  These  potential 
losses  provide  a  partial  basis  for  deciding  what 
level  of  control  is  economically  justified. 

Also  needed  for  control  decisions  is  cos  .- 
effectiveness  information  for  alternative  met  i- 
ods  of  control.  If  control  effectiveness  can  e 
measured  in  terms  of  a  reduction  in  tree  mor- 
tality, the  method  described  here  can  be  used 
to  convert  this  measure  of  effectiveness  into  a 
dollar  value. 

CONCLUSIONS  AND  LIMITATIONS 

The  method  presented  here  for  estimating 
property  value  losses  from  gypsy  moth  attack 
is  appropriate  only  for  residential  property.  The 
values  given  in  table  1  are  not  appropriate  for 
parks  or  other  forested  tracts  not  used  for 
homes.  Furthermore,  the  method  is  appropriate 
for  only  that  type  of  residential  property  char- 
acterized by  a  home  located  in  the  midst  of  large 
trees.  Thus,  lots  cleared  of  trees  for  home  build- 
ing, with  woodland  remaining  at  the  rear  of 
the  property,  are  not  appropriate  for  economic 
evaluation  by  this  method. 

Our  method  does  not  account  for  values  of 
trees  that  are  not  realized  by  owners  of  private 
properties.  These  might  include  offsite  benefits, 
such  as  microclimatic  effects  on  nearby  land  or 
aesthetic  benefits  to  neighbors  or  passers-by. 
In  particular,  the  values  used  here  are  not 
appropriate  for  single  specimen  trees:  trees 
that  are  very  large  or  very  old,  and  that  are 
situated  so  as  to  provide  outstanding  beauty  or 
other  amenities  to  their  surroundings.  These 
trees  can  be  better  evaluated  by  using  the 
formula  of  the  International  Shade  Tree  Con- 
ference (1970). 

Calculation  of  property  value  losses  due  to 
the  gypsy  moth  includes  only  those  losses  from 
tree  mortality.  No  effects  on  value  from  reduced 
tree  vigor  or  the  unsightly  appearance  of  de- 
foliated trees  are  included.  Neither  is  the 
nuisance  value  of  gypsy  moth  caterpillars,  but 
this  nuisance  may  cause  more  concern  to  some 
homeowners  than  the  loss  of  a  few  trees.  Often, 


dead  trees  must  be  removed,  but  this  cost  is  not 
considered  here.  Thus  this  method  under- 
estimates the  true  cost  of  a  gypsy  moth  attack 
in  residential  areas.  But  it  does  provide  objec- 
tive estimates  of  one  important  segment  of  this 
cost. 

Future  research  will  provide  more  refined 
estimates  of  the  dollar  value  of  losses  to  the 
gypsy  moth  in  residential  areas,  but  even  our 
crude  estimates  of  the  value  of  residential  trees 
are  surprisingly  high  relative  to  timber  values. 
Thus,  we  believe  that  more  expensive  and  more 
selective   control   measures    are    justified    for 


gypsy  moth  control  in  residential  areas  than  in 
timber-producing  areas. 
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A  Silvicultural  Guide 

for  Developing  A 

SUGARBUSH 


Abstract 

A  practical  guide  for  the  management  of  a  sugarbush.  Guidelines 
are  established  for  the  manipulation  of  stand  density  and  stocking  to 
promote  the  development  of  healthy  vigorous  trees  with  deep,  wide 
crowns,  the  necessary  attributes  for  highest  possible  yield  of  sugar- 
rich  sap.  Specific  treatments  are  prescribed  for  sapling,  poletimber 
and  small  sawtimber  stands  and  a  procedure  is  provided  for  testing 
a  sugarbush  for  sweetness,  to  select  trees  for  thinning. 


'^^ITH  A  STRONG  demand  for  maple 
syrup — and  healthy  prices — a  commer- 
cial sap  or  syrup  operation  seems  to  be  a  very 
promising  venture  for  a  landowner.  Sugarbush 
management  is  one  technique  for  improving 
profit  potential  by  increasing  the  yield  of 
sweet  sap.  Even  greater  financial  returns  are 
possible  by  combining  management  with  new 
methods  of  sap  collection  and  processing. 

We  have  established  management  guidelines 
for  each  size  class  of  trees  to  help  maximize 
gains  from  the  sugarbush.  These  recommenda- 
tions are  based  on  silvicultural  observations 
and  experience,  current  research,  and  related 
literature. 

In  sapling  stands,  the  crop  tree  selection 
method  is  recommended.  In  pole  stands  and 
larger,  stocking  should  be  reduced  to  a  point 
that  would  be  considered  understocked  for 
timber  production.  This  will  promote  rapid 
crown  expansion  and  provide  an  acceptable 
level  of  sap  production. 


Background 

Maple  syrup  is  one  of  this  country's  oldest 
agricultural  commodities.  When  the  first  set- 
tlers arrived  in  this  country,  Indians  were 
using  maple  sugar  as  an  important  food  item. 
The  settlers  eagerly  adopted  the  Indians' 
source  of  sugar,  and  through  the  years  maple 
sugar  became  an  important  article  of  diet. 

Maple  sugar  production  increased  rapidly 
in  this  country  until  about  1860,  when  the 
cheaper  cane  sugar  gradually  began  to  replace 
maple  sugar.  Since  then,  except  for  an  increase 
during  World  War  I,  production  has  been  on 
the  decline.  Presently,  very  little  sugar  is 
being  produced.  The  major  emphasis  is  on 
syrup  production.  In  1971,  962,000  gallons  of 
syrup  were  made.  This  was  the  smallest 
amount  produced  in  any  year  since  yearly 
estimates  were  begun  in  1916. 

The  production  of  maple  syrup  has  always 
been    a    farm    enterprise,    and    recently    has 


proven  to  be  a  most  profitable  one.  With  the 
decline  in  the  number  of  farms  and  in  the  ac- 
tive farm  maple  groves  or  sugarbushes,  the 
opportunity  has  not  diminished.  In  fact  with 
modern  equipment — plastic  tubing,  mechan- 
ical tapping  tools,  etc. —  the  opportunity  has 
increased.  The  decline  in  production  has 
brought  record  prices,  so  that  profit  potential 
for  both  the  sap  and  syrup  producer  is  now 
greater  than  ever  before. 

Sap  collection  accounts  for  40  percent  or 
more  of  the  cost  of  syrup  production.  Reduc- 
ing this  cost  would  have  a  strong  influence  on 
the  returns  from  a  syrup  operation.  Using 
trees  that  produce  a  high  volume  of  sap  with 
high  sugar  content  reduces  the  cost  of  han- 
dling the  sap  necessary  to  produce  a  given 
amount  of  syrup.  These  high-producing  trees 
develop  by  good  management  of  sugar  maple 
stands  and  not  by  chance. 

To  manage  a  sugarbush  effectively,  it  is 
essential  to  know  the  characteristics  of  a  tree 
that  will  produce  large  volumes  of  sugar-rich 
sap.  Research  has  shown  that  the  ideal  sugar- 
bush  tree  is  a  vigorous,  fast-growing  tree  that 
has  a  deep,  wide,  fully  developed  crown  ex- 
posed as  much  as  possible  to  sunlight.  It  has 
also  demonstrated  that  sugar  maples  possess- 
ing these  characteristics  tend  to  produce 
sweeter  sap  and  greater  quantities  of  sap  than 
slower-growing,  smaller-crowned  trees.  Trees 
with  larger  crowns  have  greater  leaf  surface 
area  and  therefore  have  a  greater  capacity  to 
carry  on  photosynthesis — the  mechanism  that 
produces  the  carbohydrates,  or  sugar,  stored 
within  the  tree. 

Sap  production  per  tree  increases  with  live 
crown  ratio,  width  of  crown,  and  rate  of  diam- 
eter growth.  In  a  study  conducted  by  the 
Ohio  Agricultural  Experiment  Station  (Moore 
et  al.  1951),  the  effects  of  these  factors  were 
identified.  Trees  with  crowns  averaging  50  to 
75  percent  of  the  total  height  yielded  about 
25  percent  more  sap  than  similar  trees  with  a 
crown  ratio  of  less  than  50  percent. 

Width  of  crown  had  a  more  dynamic  effect. 
Trees  with  crowns  over  30  feet  wide,  crowns 
characteristic  of  trees  in  an  open  stand,  pro- 
duced over  100  percent  more  sap  than  trees 
having  the  same  stem  diameter  but  with 
crowns  less  than  20  feet  wide,  a  crown  size 


typical  of  forest-grown  trees.  Growth  rate, 
which  is  related  to  crown  size,  is  strongly  cor- 
related with  sap  yields.  Moore  et  al.,  found 
that  trees  with  a  growth  rate  of  5  to  10  rings 
per  inch  yielded  about  30  percent  more  sap 
than  trees  growing  at  the  rate  of  15  to  20 
rings  per  inch. 

It  has  long  been  known  by  those  familiar 
with  the  maple  business  that  some  sugar 
maple  trees  are  "sweeter"  than  others.  Why 
some  trees  produce  sweeter  sap  has  been  a 
matter  of  study  for  several  years.  Although 
some  of  the  variability  among  trees  can  be 
attributed  to  genetic  differences,  environ- 
mental factors  such  as  live  crown  ratio,  crown 
diameter,  and  crown  exposure  all  play  a  sig- 
nificant role. 

Stevenson  and  Bartoo  (1940),  who  reported 
on  extensive  sweetness  studies  in  Pennsyl- 
vania, found  that  forest-grown  trees  produce 
sap  about  30  percent  lower  in  sugar  content 
than  open-grown  trees.  The  sugar  content  of 
forest-grown  trees  averaged  about  2.25  per- 
cent, in  contrast  to  3.34  percent  for  open- 
grown  trees.  Moore  et  al.  (1951)  and  Morrow 
(1955),  substantiated  this  correlation.  Their 
reports  indicate  that  open-grown  trees  are 
about  15  to  20  percent  sweeter  than  forest- 
grown  trees. 

These  known  facts  about  sap  sweetness  and 
sap  yields  can  easily  be  incorporated  into  field 
practice  by  careful  tree  selection.  Ideally, 
trees  that  are  inherently  sweet  should  be  iden- 
tified early,  when  they  are  small,  and  thin- 
nings should  be  made  frequently  to  allow  them 
to  grow  and  expand  rapidly.  Identifying  the 
sweeter  trees  in  young  stands  and  favoring 
them  by  judicious  thinning  can  greatly  im- 
prove sap  production. 

Managing  the  Sugarbush 

The  objective  of  sugarbush  management  is 
to  produce  the  highest  possible  yield  of  sugar- 
rich  sap  per  acre.  This  is  accomplished  through 
the  manipulation  of  stand  density  and  stock- 
ing to  foster  the  development  of  healthy, 
vigorous  trees  with  deep,  wide  crowns. 

Although  much  has  been  written  on  the  sub- 
ject, two  publications  "A  Guide  to  Sugarbush 
Stocking",  by  Smith  and  Gibbs   (1970)   and 


"Standards  for  Maple  Sugarbush  Management 
in  Vermont",  by  Foulds  et  al.  (1956)  prob- 
ably have  the  greatest  appUcability.  Both 
papers  summarize  existing  knowledge  on  the 
subject  and  both  are  based  on  maximum 
crown  size  related  to  tree  diameter  and  num- 
ber of  trees  per  acre.  The  recommendations 
that  follow  are  based  essentially  on  the  in- 
formation presented  in  these  two  papers  and 
other  pertinent  data,  and  expanded  to  include 
a  technique  of  stand  analysis  not  dissimilar 
to  timber  management.  In  fact,  the  method 
suggested  uses  the  same  stand-examination 
methods  and  prescription-writing  procedures 
used  in  timber  management  (Leak  et  al. 
1969). 

The  "Diagnostic  Tally  Sheet  for  Sugarbush 
Stands"  (Table  1)  provides  the  means  of 
gathering  the  data  necessary  for  making  sound 
management  decisions.  The  tally  is  used  to 
determine  the  number  of  trees  and  basal  area 
per  acre,  the  necessary  ingredients  of  the 
"Stocking  Chart"  (fig.  1)  for  even-aged  north- 
ern hardwoods.  The  chart  provides  the  means 
of  comparing  existing  stand  stocking  with  the 
suggested  stocking  levels  for  increased  sap 
yield.  For  example,  in  figure  1,  the  B  level 
represents  minimum  stocking  for  timber  ob- 
jectives. The  C  level  is  considered  as  under- 
stocked for  quality  timber  production,  but  in 
pole  and  larger  stands  not  previously  thinned 
it  is  an  acceptable  level  for  improving  sap 
production.  The  S  level  is  the  minimum  stock- 
ing for  maximum  crown  development  with  full 
utilization  of  crown  space.  However,  this  ideal 
crown  development  is  attainable  only  if  man- 
agement is  started  early  in  the  life  of  the 
stand — at  sapling  or  small  pole  size — and 
carried  to  stand  maturity. 

Field  Procedures 
and  Prescriptions 

I.  stand  Analysis 

In  sapling  stands  averaging  between  2  and 
4  inches  in  diameter,  the  intent  of  stand 
analysis  is  to  determine  if  there  are  enough 
maple  trees  for  management.  This  assess- 
ment can  usually  be  made  by  a  cursory 
observation.  A  stand  is  adequately  stocked 


if  there  are  80  to  100  well  distributed  sugar 
maple  trees  per  acre. 

For  stands  averaging  6  inches  in  diameter 
and  over,  use  the  "Diagnostic  Tally  Sheet 
for  Sugarbush  Stands."  Take  4  to  10  sample 
points  with  a  10-factor  prism  and  count 
only  trees  in  the  main  crown  canopy,  the 
intermediate  to  dominant  trees.  Record  the 
trees  by  diameter  class  in  the  proper  block 
of  the  cumulative  tally.  Summarize  plot 
data  and  determine  the  total  number  of 
trees  and  basal  area  per  acre  for  the  stand. 
Use  the  stocking  chart  to  determine  the 
basal  area  at  the  C  level  or  the  level  selected 
for  management.  Insert  data  under  stand 
description  and  use  it  as  the  basis  of  a  stand 
prescription. 

II.  Stand  Prescription 

1.  Saplings 

Thinning  should  start  early  in  the  life 
of  the  stand  when  trees  average  2  to  4 
inches  in  diameter,  and  should  be  made 
at  5  to  10-year  intervals.  Early  thinning 
encourages  the  development  of  large 
side  branches  and  increases  rapid  diam- 
eter growth.  It  is  at  this  young  age 
that  deep  crowns  can  be  maintained  or 
developed  most  successfully. 
The  crop  tree  selection  method  can  be 
applied  quite  successfully  in  these 
stands.  In  writing  the  prescription  con- 
sider the  following: 

a.  To  insure  adequate  stocking  of 
about  80  to  100  trees  when  the  stand 
reaches  an  average  size  of  10  inches 
in  diameter,  select  100  to  125  domi- 
nants or  co-dominants  with  good 
stem  and  crown  forms,  free  of  defects 
such  as  acute  forking. 

b.  Favor  the  sweet  tree.  Use  a  sugar 
refractometer  (fig.  2)  to  measure  the 
amount  of  sugar  in  the  sap.  For  test- 
ing a  sugarbush  for  sweetness,  fol- 
low the  field  procedure  suggested  in 
the  next  section. 

c.  Free  of  the  crowns  of  the  selected 
crop  trees  on  all  sides  to  create  open- 
ings between  crowns  of  6  to  7  feet. 
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Figure  1. — Stocking  chart  for  even-aged  northern  hardwoods,  based 
on  number  of  trees  in  the  main  canopy,  average  diameter,  and  basal 
area  per  acre.  For  timber  objectives,  stands  above  the  A  line  are 
overstocked.  Stands  between  A  and  B  lines  are  adequately  stocked. 
Stands  between  B  and  C  line  should  be  adequately  stocked  within 
10  years.  Stands  below  the  C  line  are  definitely  understocked.  For 
sugarbush  management,  maple  stands  at  the  S  line  are  at  minimum 
stocking  levels. 


MEAN  STAND  DIAMETER 
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Figure  2. — The  sugar  refractomoter:  (a)  cover;  (b)  dark  circular 
area  where  drop  of  sop  is  placed;  (c)  glass  prism;  (d)  eyepiece; 
(e)  small  adjustment  screw  is  used  in  calibrating  the  instrument. 


d.  Select  one  crop  tree  within  each 
spacing  distance,  20  to  25  feet,  and 
crown  release  it.  Leave  trees  between 
the  crop  trees  that  are  not  competing 
for  crown  space. 

2.  Pole  timber 

The  objective  in  stands  of  6  to  10  inches 
diameter  is  to  improve  growing  condi- 
tions for  desirable  crop  trees  by  achiev- 
ing good  spacing  between  crowns.  A 
comparison  of  present  stocking  in  basal 
area  with  the  recommended  level  will 
provide  the  basis  for  a  sound  prescrip- 
tion for  management. 
In  thiiming  poletimber  stands: 

a.  Favor  the  sweet  tree  as  determined 
by  the  refractometer  measurements 
made  in  the  fall  or  spring. 

b.  In  stands  previously  thinned  for 
crown  expansion,  reduce  the  stock- 
ing level  to  bring  it  between  the  C 
and  S  lines,  giving  proper  considera- 
tion to  distribution  of  trees  and 
crown  development  needs. 

c.  Stands  not  previously  thinned  for 
sap  production:  Reduce  the  stocking 
to  the  C  level.  The  first  thinning  of 
these  stands  entails  some  danger  of 
sunscald,  insects,  and  windthrow,  but 
these  dangers  are  minimized  if  stock- 
ing is  not  reduced  below  the  C  level. 

3.  Small  Sawtimber 

The  greatest  immediate  response  in 
stands  averaging  12  to  15  inches  in  diam- 
eter can  be  brought  about  by  the  in- 
creased diameter  growth  that  accom- 
panies crown  expansion.  Fast  growing 
trees,  free  to  grow,  produce  significantly 
more  sap  than  slow-growing  competing 
trees.  If  these  stands  are  being  tapped, 
there  will  be  a  period  of  reduced  sap 
production  after  thinning  because  there 
are  fewer  trees  to  tap.  Within  a  short 
time,  however,  sap  yield  will  start  to 
increase,  and  if  conditions  are  suitable, 
will  continue  to  do  so  until  production 
exceeds  that  before  thinning. 


In  the  application  of  management: 

a.  Identify  the  sweetest  trees  for  re- 
tention in  the  stand.  Determine 
sweetness  in  the  fall  or  during  the 
sugaring  season. 

b.  Reduce  the  stocking  to  the  C  level 
and  strive  for  an  even  distribution  of 
stems.  If  the  stand  was  previously 
thinned  or  is  sparsely  stocked,  reduce 
stocking  below  the  C  level  and  close 
to  the  S  level  to  allow  for  continued 
expansion  of  crowns. 

4.  Large  Sawtimber,  15  inches  or  more 

Stands  of  this  size  class,  grown  under 
forest  conditions  for  the  most  part,  will 
benefit  little  from  thinning.  Any  cul- 
tural activity  should  aim  to  improve  the 
health  of  the  stand  by  removing  de- 
cayed sugar  maples,  trees  of  other 
species,  and  poor-risk  trees  or  trees 
susceptible  to  wind  breakage.  Removal 
will  usually  be  on  a  tree-by-tree  basis 
rather  than  by  stocking  or  spacing. 
In  overmature  stands  or  stands  that 
need  to  be  regenerated,  clearcutting  in 
strips,  patches,  or  groups  of  1 9 -acre  or 
more  is  recommended.  The  size  of  the 
patch  or  management  unit  will  vary 
depending  on  topography  and  accessi- 
bility. In  all  cases,  the  opening  must  be 
easily  identified  on  the  ground  and 
easily  managed  as  a  unit. 


Field  Procedure  for  Testing 
A  Sugarbush  for  Sweetness 

The  percentage  of  sugar  maple  sap  may  vary 
considerably  during  the  day  as  well  as  from 
day  to  day  and  season  to  season.  To  obtain 
comparable  data  when  testing  a  group  of  trees, 
the  testing  must  be  done  within  a  short  time. 
In  testing  a  large  number  of  trees,  such  as 
an  entire  sugarbush,  do  not  tr>'  to  test  all  the 
trees  at  once.  The  best  method  might  be  to 
consider  the  readings  from  trees  tested  in  a 
2 -hour  period  as  one  group  of  comparable 
readings,  and  readings  taken  during  the  next 
2 -hour  period  as  a  separate  group.  This  can 


Figure  3. — Testing  sugar  maple  sap  for  sweetness  can  be  accom- 
plished by  collecting  a  drop  of  sap  for  the  sugar  refractometer.  Use 
an  awl  (A)  to  pierce  the  bark  into  the  wood;  insert  a  hypodermic 
needle   (B)  firmly  into  the  wood,   or  use   an   ordinary  toothpick  (C). 


be  continued  as  long  as  the  sap  flow  lasts. 
Sugar  readings  can  be  compared  within  each 
group,  but  comparisons  should  not  be  made 
between  groups. 

As  a  flow  period  begins,  sap  in  some  trees 
will  start  running  before  others.  At  the  end  of 
a  flow,  some  trees  stop  before  others.  To 
avoid  repeated  trips  to  some  trees  to  obtain  a 
sap  sample  it  is  best  to  wait  until  the  flow  has 
well  started  before  beginning  the  testing  and 
to  stop  as  soon  as  a  few  trees  are  found  to 
have  stopped  flowing. 

A  sugar  refractometer  should  be  used  for 
testing  sap  because  it  is  fast  and  accurate  and 
requires  only  a  drop  of  sap  to  obtain  a  reading. 
The  simplest  way  of  obtaining  a  drop  of  sap 
is  to  cut  a  twig  or  small  branch  with  pruning 
shears.  On  those  trees  where  twigs  or  small 
branches  are  not  within  reach,  a  hole  must  be 
made  in  the  trunk  of  the  tree.  Because  sap 
from  twigs  give  a  higher  reading  than  sap  from 
tree  trunks,  it  is  important  when  testing  a 
sugarbush  that  only  one  source  be  used — the 
twig  or  the  trunk. 

In  obtaining  sap  from  the  trunk,  first  make 
a  hole  through  the  bark  with  a  sharp  awl  (fig. 
3a).  Some  sort  of  device  must  be  inserted  in 
the  hole  to  carry  sap  away  from  the  tree,  and 
it  has  been  found  that  a  hypodermic  needle 


works  very  well  (fig.  3b).  Those  with  large 
bores  and  short  stems  are  the  most  durable. 
A  good  choice  would  be  a  13-gage  needle  with 
a  1-inch  stem.  The  needle  should  be  pressed 
firmly  or  tapped  into  the  hole.  It  is  important 
that  needles  be  washed  before  they  are  reused. 

Whichever  method  is  used,  twig  or  trunk, 
you  can  avoid  waiting  for  the  drop  of  sap  to 
appear  by  working  several  adjacent  trees  be- 
fore testing  the  sap  for  sweetness. 

With  care,  sharp  toothpicks  can  be  substi- 
tuted for  needles  with  the  same  results  (fig. 
3c).  They  must  be  pushed  firmly  into  the 
wood  so  they  are  held  firmly.  Also,  they  must 
rest  on  the  bottom  of  the  hole  at  the  outer 
edge,  otherwise,  the  sap  will  run  down  the 
bark. 

To  find  the  sweetest  trees  as  a  guide  to 
thinning  a  young  stand,  the  first  requirement 
is  to  establish  an  average.  This  can  be  deter- 
mined by  testing  each  tree  or  every  second  or 
third  tree  along  a  transect.  Areas  that  include 
any  major  change  in  slope  or  exposure  within 
the  sugarbush  should  be  tested  separately.  The 
sum  of  the  readings  from  these  sample  trees, 
divided  by  the  number  of  samples,  establishes 
the  working  average  for  that  particular  testing 
period.  Trees  with  readings  below  average 
should  be  identified  with  colored  ribbon  or 


paint  spots.  In  thinning,  remove  as  many  of 
these  trees  of  below-average  sweetness  as 
necessary  to  produce  the  desired  stocking.  A 
separate  working  average  for  sample  trees 
should  be  computed  for  every  2-  to  4 -hour 
testing  period,  for  best  results. 

Weather  conditions  play  an  important  part 
in  testing  with  any  of  the  procedures  men- 
tioned above.  Rain  or  snow  may  permit  dilu- 
tion of  the  sap  drop  and  give  incorrect  read- 
ings. Moderate  or  stronger  winds  may  blow 
the  sap  drops  away  or  may  concentrate  the 
sugar  by  evaporating  some  of  the  water  if  the 
drop  is  exposed  very  long.  The  sap  will  run 
longer  if  the  needles  or  toothpicks  are  in- 
serted on  the  warmer  side  of  the  tree. 

Conclusion 

These  management  guidelines  were  devel- 
oped to  improve  sugarbush  profit  potential  by 
increasing  yields  of  sweet  sap.  This  is  ac- 
complished through  manipulation  of  stand 
density  and  stocking  to  promote  development 
of  healthy,  vigorous  trees  with  deep,  wide 
crowns.  Best  results  are  achieved  when  man- 
agement is  started  at  an  early  age,  preferably 
when  the  trees  are  sapling  size.  Thinnings 
should  not  only  favor  trees  with  good  condi- 
tion and  position  but  also  those  with  superior 
sweetness  or  sugar  content. 

In  sapling  stands,  the  crop  tree  selection 
method  is  recommended.  Thinnings  in  these 
stands  should  be  light  and  frequent,  no  more 
than  5  to  10  years  apart.  In  pole  stands  and 
larger,  reducing  the  stocking  to  a  point  that 
would  be  considered  understocked  for  timber 
production  will  promote  rapid  crown  expan- 
sion and  maximum  sap  production. 
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Appendix 


e. 


I 

Rules  of  Thumb 
An  ideal  sugarbush  has  at  least  1000  or  more 
tapholes  or  70  to  90  taps  per  acre. 
Sap  from  four  tapholes  will  yield  about  1  gallon 
of  syrup  per  year. 

The  compass  location  of  the  taphole  is  not  im- 
portant. 

Normal  sap  yield  per  tap  will  range  from  5-20 
gallons  per  season.  This  can  be  increased  to  25 
gallons  or  more  by  using  a  vacuum  pump. 
Trees  in  the  18-  to  20-inch  diameter  class  will 
produce  over  50  percent  more  sap  per  taphole 
than  8-  to  10-inch  trees. 

"Rule  of  86"  by  Jones  ( 1967 ) .  This  give  the 
amount  of  sap  required  to  produce  a  gallon  of 
syrup  at  various  levels  of  sap  sugar  content.  As 
an  example,  it  takes  about  86  gallons  of  sap  of 
1  percent  sugar  to  produce  1  gallon  of  syrup. 
Only  43  gallons  of  2  percent  sap  are  required  to 
produce  1  gallon  of  syrup.  In  other  words,  to 
establish  the  sap-syrup  relationship,  divide  the 
percentage  of  sugar  in  the  sap  into  86. 


II 

Table   2. — Number  of  tapholes  that  can  safely  be 
made  in  a  tree 


Disuneter 


Tapholes  per 
tree 


Inches 
Less  than 
10-14 
15-19 
20-24 
25  or  more 


10 


No. 
0 
1 
2 
3 
4 


III 

Table  3. — Comparison  of  average  sap  flow  of  sugar 
maple  and  soft  maple,  arranged  by  diameter  classes 
on  basis  of  number  of  buckets  per  tree  of  both 
species.  Somerset  County,  Pennsylvania,  1931 
(Mclntyre) 


Diameter 

Average 

number  of 

buckets 

Sugar 
maple 

Soft 
maple 

class 

Average 

Average 

hung 

flow 

flow 

Inches 

No. 

Quarts'" 

Quarts* 

9-16 

1.0 

8.9 

5.5 

17-23 

1.5 

15.1 

7.4 

24-28 

2.2 

17.7 

12.5 

29-33 

2.8 

22.4 

13.4 

34-36 

3.6 

27.7 

20.3 

37-45 

3.8 

31.7 

18.9 

Soft  maple  trees  produce  less  sap  that  is  less  sweet 
than  hard  maple  trees. 

*Sap  flow  during  a  short  period — not  a  seasonal 
flow. 
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IV 

Table  4. — Number  of  sugar  maple  trees  per  acre  and  spacing  by 
average  stand-diameier  class  for  sugarbush  stands  af  fhe  S  level, 
C  level,  and  B  level  of  stocking 


Average 

S  Level 
Trees         ^ 

C  Level 

B  Level 

stand 
rlhh 

Trees 

Tree 

Trees 

Tree 
spacing 

class 

per 
acre 

spacing 

per 
acre 

spacing 

per 
acre 

Inches 

No. 

Feet 

No. 

Feet 

No. 

Feet 

6 

126 

19 

160 

16 

299 

12 

8 

98 

21 

140 

17 

190 

15 

10 

79 

23 

105 

20 

129 

18 

12 

64 

26 

86 

23 

99 

21 

14 

54 

28 

76 

24 

86 

23 

16 

46 

31 

70 

25 

76 

24 
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ABSTRACT 

Urban  rehabilitation  is  a  major  market  for  wood  flooring,  but  if 
wood  flooring  is  to  continue  to  be  used  to  any  great  extent  in  urban 
rehabilitation,  it  must  be  made  more  acceptable  to  the  building 
contractor  and  housing  owner.  Changes  in  distribution,  supply,  and 
pricing  could  make  wood  flooring  more  readily  available;  product 
modification  could  reduce  its  short-term  costs;  and  other  changes 
could  make  wood  flooring  more  economical  and  compatible  with 
present  working  methods. 


Urban  rehabilitation— the  reno- 
vation of  existing  housing  units  or  the  con- 
struction of  new  housing  units  in  their  place — 
presents  a  large  market  for  building  products 
made  of  wood.  One  of  the  major  products  for 
this  market  is  wood  flooring. 

From  our  investigation  of  the  urban  reha- 
bilitation market,!  we  estimate  the  national 
market  for  flooring  in  rehabilitation  projects 
to  be  about  1  billion  square  feet  per  year 
through  1980.  Although  no  comprehensive 
data  are  available,  we  also  found  indications 
that  the  use  of  wood  flooring  in  the  rehabili- 
tation of  urban  housing  is  decreasing  even 
though  urban  rehabiUtation  continues  to  in- 
crease. This  trend  was  especially  noticeable 
in  the  Northeast,  where  wood  flooring  has 
always  been  the  traditional  residential  floor 
surface.- 

WHAT  DOES  THE 
INDUSTRY  NEED? 

To  secure  its  share  of  the  urban  rehabili- 
tation market,  the  wood-flooring  industry 
needs  better  information  about  the  factors 
that  influence  flooring  selection  and  the  prob- 
lems encountered  in  using  wood  flooring.  More 
important,  the  industry  needs  to  know  what 
factors  tend  to  restrict  the  use  of  wood  flooring 
in  urban  rehabilitation  and  how  to  overcome 
them. 

To  determine  what  the  problems  are  and 
to  suggest  possible  solutions,  we  interviewed 


iBoyer,  James.  Potential  wood  markets  in  urban 
rehabilitation  (a  literature  review).  Unpublisbed 
manuscript.  USDA  Forest  Serv.  Forest  Prod. 
Market.  Lab.,  Princeton,  W.  Va.  1966. 

Nevel,  Robert  L.,  Jr.  Factors  affecting  the  use  of 
hardwood  flooring  in  urban  rehabilitation.  USDA 
Forest  Serv.  Res.  Pap.  NE-273.  12  p.  NE  Forest  Exp. 
Sta.,  Upper  Darby,  Pa.  1973. 

-Nevel,  Robert  L.,  Jr.  Urban  rehabilitation  charac- 
teristics, methods,  and  requirements  and  their  effect 
upon  the  u.se  of  hardwood  flooring  and  other  build- 
ing materials  (an  intensive  case  study) .  Unpub- 
lished manuscript.  USDA  Forest  Serv.  Forest  Prod. 
Market.  Lab.,  Princeton,  W.  Va.  1972. 


urban-rehabilitation  officials,  architects,  hous- 
ing owners,  and  building  contractors  in  New 
Haven,  Connecticut.  An  intensive  evaluation 
of  one  city  was  preferred  to  a  more  extensive 
survey  of  several  cities,  and  New  Haven  was 
judged  to  be  representative  of  most  cities  ac- 
tively involved  in  housing  rehabilitation.  The 
interviewees  represented  several  profit-making 
and  non-profit  organizations  involved  in  both 
public  and  private  housing  construction. 

The  results  of  the  interviews  were  analyzed 
and  evaluated  along  with  other  data  and  in- 
formation collected  from  the  literature,  brief 
visits  to  other  cities  in  the  Northeast,  and  dis- 
cussions with  various  other  public  and  private 
wood-flooring  and  housing  officials  throughout 
the  United  States.  Suggested  areas  of  im- 
provement were  indicated  largely  by  the  inter- 
viewees and  analyzed  in  light  of  the  overall 
study  results.-"' 

FACTORS  IN  FLOORING 
SELECTION 

The  interviews  indicated  that  acceptance 
and  use  of  a  product  in  urban  rehabilitation 
does  not  result  entirely  from  its  inherent  or 
assumed  economic  and  physical  properties. 
Rather,  many  factors  interact  to  affect  the 
choice. 

We  found  that  the  most  important  influences 
in  the  selection  of  flooring  are  the  preferences 
of  the  building  contractor  and  the  housing 
owner.  They  are  the  ones  most  responsible  for 
specifying  flooring  materials.  They  are  con- 
cerned primarily  with  the  availability,  cost, 
and  compatibility  with  their  working  methods 
of  the  flooring  materials,  and  their  effect  on 
the  approval,  financing,  and  acceptance  of 
their  housing  units. 

Other  factors  such  as  product  information, 
product  image,  and  product  use  can  be  im- 
portant influences;  but  they  represent  addi- 
tional benefits  or  limitations  rather  than  cri- 
teria for  selecting  a  type  of  flooring. 

Although  wood  flooring  is  probably  used  in 
40  to  60  percent  of  the  nation's  urban  re- 
habilitation, it  is  less  preferred  now  by  the 


3More  detailed  information  about  the  study  may 
be  obtained  from  the  author. 


builder  and  the  owner  than  it  was  in  the  past. 
In  New  Haven  alone,  where  wood  floors  pre- 
dominate in  both  new  and  renovated  units, 
interviewees  estimated  that  this  change  in 
preference  caused  as  much  as  a  20-percent 
drop  in  the  use  of  wood  flooring  in  the  city's 
projects  during  the  period  1965  to  1970.  They 
consider  wood  flooring  more  expensive  and 
more  difficult  to  obtain,  and  more  difficult  and 
less  expedient  to  install  than  vinyl  asbestos 
tile,  composition  sheet,  or  carpet. 

A  better  understanding  of  these  factors  will 
help  the  wood-flooring  industry  to  initiate 
changes  in  manufacturing  and  marketing 
operations,  which  will  enable  it  to  continue 
supplying  the  market. 


SUGGESTED  ACTION 

TO  INCREASE  THE  USE 

OF  WOOD  FLOORING 

Improve  Availability 

Unlike  normal  residential  construction, 
urban  rehabilitation  tends  to  be  non-cyclical. 
The  housing  owners  and  building  contractors 
prefer  products  that  are  consistently  and  read- 
ily available  on  a  year-round  basis,  and  at 
relatively  stable  prices. 

Indications  are  that  wood  flooring  is  not 
always  readily  obtainable.  Of  all  the  flooring 
products  used  in  urban  rehabilitation,  the 
interviewees  rated  wood  flooring  products  the 
lowest  in  availability.  Most  contractors  dis- 
liked trying  to  get  wood  flooring  because  there 
are  too  many  problems  in  getting  it  when  they 
need  it,  getting  prices,  finding  reliable  sup- 
pliers, and  finding  large  enough  quantities  or 
suitable  varieties  in  stock  to  satisfy  their 
needs.  The  interviewees  commented  fre- 
quently that  they  would  like  to  see  changes 
made  in  the  distribution  and  marketing  of 
wood  flooring;  and  that  if  wood  flooring  can- 
not be  had  when  and  where  it  is  needed,  then 
other  efforts  to  increase  its  use  are  of  little 
consequence. 

The  distribution  and  supply  of  wood  floor- 
ing products  could  be  improved  to  make  sup- 
ply and  prices  fairly  constant  from  season  to 
season,  regardless  of  market  demand,  fluctua- 
tions in  the  economy,  and  the  cost  and  supply 


of  raw  materials.  More  stress  could  be  placed 
on  the  traditional  methods  of  distribution  so 
that  regularly  supplied  wood  flooring  would 
be  handled  by  more  large  supphers  on  a  more 
dependable  basis. 

The  large  building  materials  or  flooring  sup- 
pliers could  be  easily  used  to  help  eliminate 
wood  flooring  shortages  that  cause  lost  time 
and  inconvenience  for  the  contractor.  Larger 
quantities  and  greater  varieties  could  be  dis- 
tributed to  these  suppliers  to  meet  local  or 
regional  demands  more  quickly  and  economic- 
ally. Contracts  could  be  negotiated  with  the 
builder  or  housing  developer  to  fix  prices  and 
supply  over  a  period  of  time.  Greater  stability 
in  the  supply  and  price  of  wood  flooring  could 
help  to  insure  its  year-round  use  by  the  urban 
rehabilitation  market.  Also,  the  producers  that 
are  close  to  the  market  could  act  as  suppliers. 

In  addition,  we  found  that  the  wood-flooring 
industry  and  those  in  association  with  it 
should  strive  to  make  themselves,  as  well  as 
their  product,  more  available  to  the  contrac- 
tors and  others  in  urban  rehabilitation  respon- 
sible for  specifying  flooring.  With  some  excep- 
tions, the  middlemen  are  inactive  in  gathering 
market  information,  and  market  reports  on 
urban  rehabilitation  are  limited  in  number  and 
value  to  the  flooring  industry.  Increased  rep- 
resentation and  more  direct  communication 
from  suppliers  and  producers  could  help  deter- 
mine market  demands  and  trends. 

Reduce  Costs  to  the  Consumer 

The  overall  competitive  position  of  wood 
flooring  could  be  improved  by  reducing  prices 
and  installation  costs,  which  require  expendi- 
tures of  money  in  the  short  run.  The  inter- 
viewees felt  that  wood  floors  generally  com- 
pare well  with  non-wood  floors  in  long-term 
cost,  but  that  short-term  costs  are  generally 
higher  for  wood  flooring.  Short-term  costs  are 
especially  important  to  the  contractor  and 
owner,  who  are  more  concerned  with  initial 
costs  and  satisfactory  service  for  the  first  few 
years.  In  the  selection  of  flooring,  initial  costs 
usually  override  other  costs,  such  as  the  cost 
of  maintenance,  that  can  be  deferred,  and 
long-term  cost  factors,  such  as  wear  life  and 
frequency  of  replacement. 

More  efficient  installation  holds  the  greatest 


promise  for  improving  the  competitive  posi- 
tion of  wood  flooring.  The  most  critical  need 
is  for  reducing  the  time  and  labor  required 
to  install  wood  floors.  The  interviewees  felt 
that  wood  flooring — especially  strip  flooring — 
cannot  compete  with  other  materials  in  speed 
or  cost  of  installation  because  of  the  need  for 
skilled  labor  and  the  time  required  for  finish- 
ing and  drying.'* 

Thinner  and  larger  sections  of  wood  floor- 
ing— either  block  or  strip  flooring — could 
make  wood  flooring  more  competitive  if  the 
sections  were  panelized  and  prefinished  in 
sizes  that  could  be  handled  and  installed 
readily  by  two  men.  Panels  suggested  by  the 
interviewees  frequently  included  some  sort  of 
laminated  block,  4  by  8  feet  by  %  inch. 

Experiments  by  industry  and  government 
researchers  with  various  types  and  thicknesses 
of  panels  have  proven  that  thinner,  paneUzed, 
and  prefinished  flooring  can  sharply  reduce  the 
time  and  cost  of  installing  wood  floors.'^  Re- 
searchers at  the  Forest  Products  Marketing 
Laboratory  in  Princeton,  West  Virginia,  have 
estimated  that  75  percent  of  the  time  required 
to  install  strip  flooring  can  be  saved  by  using 
conventional  installation  procedures,  but 
working  with  8-foot  by  9-inch  panels  of 
standard-size  strip  flooring. 

Produced  modification  in  the  form  of  thin- 
ner flooring  also  offers  distinct  possibihties  for 
savings  in  material  costs  to  the  manufacturers, 
which  could  be  passed  on  to  the  building  con- 
tractor and  housing  owner.  Generally,  the 
long  wear  life  and  structural  strength  of  con- 
ventional 25/32-inch-thick  wood  strip  flooring 
are  not  needed  in  most  urban  rehabilitation. 
For  years,  factory-produced  block  flooring 
with  a  5/16-inch  wearing  surface  has  provided 


^It  takes  two  to  three  times  as  long  to  complete 
the  installation  of  most  wood  flooring  products  as  to 
install  carpeting  or  resilient  flooring. 

'U  S  Forest  Products  Lahoratory.  Wood  floors  for 
dwellings.   U.S.    Dep.    Agr.   Handh.  204,  44  p.,   1961. 

Micklewright.  James  T.  A  prohlem  analysis  of 
hardwood  flooring  markets.  Unpublished  manuscript. 
USDA  Forest  Serv.  Forest  Prod.  Market.  Lab., 
Princeton,  W.  Va.  1964.  ,    t     <-> 

Smith,  Walton  R.,  Frank  Longwood.  and  L.  O. 
Anderson.  Urban  rehabilitation — a  challenge  to  wood 
products.  (Unpublished  report  of  the  Forest  Service 
Task  Force  on  Urban  Rehabilitation).  USDA  Forest 
Serv  SE.  Forest  Exp.  Sta..  Asheville,  N.C.,  156  p. 
1966. 


satisfactory  wear  life  and  serviceability  for 
floor  surfaces  in  all  types  of  housing. 

Furthermore,  the  industry  could  manufac- 
ture and  market  more  lower  grade  wood  floor- 
ing to  help  reduce  wood  flooring  costs  to  the 
contractor  and  housing  owner.  For  all  prac- 
tical purposes,  the  lower  grades  of  wood  floor- 
ing differ  from  the  higher  grades  only  in 
appearance  and  price. 

Wood  flooring  could  also  be  made  more 
economically  attractive  through  the  elimina- 
tion of  difficulties  and  inconveniences  that  the 
builders  and  the  owner  frequently  encounter 
with  the  use  of  conventional  wood  flooring. 
The  interviewees  indicated  that  protection 
from  moisture  is  often  a  problem;  and  that 
better  methods  of  keeping  wood  flooring  dry 
and  dimensionally  stable  in  storage,  enroute 
to  the  site,  and  on  the  job  would  reduce  costs 
and  difficulty. 

They  also  mentioned  frequently  that  the 
finishes  and  the  ease  and  cost  of  finishing 
need  attention,  as  do  problems  associated  with 
repair,  replacement,  and  maintenance  of  wood 
flooring.  Wood  flooring  and  its  finishes  are 
considered  more  susceptible  to  noticeable 
damage  than  competitive  materials;  and 
damaged  wood  flooring  is  more  difficult  and 
expensive  to  repair.  The  industry  could  eco- 
nomically alleviate  some  of  these  problems 
and  associated  expenses  by  producing  and 
marketing  prefinished  flooring,  in  the  rela- 
tively inexpensive  distressed  finish. 

Improve  Product  Compatibility 

The  contractors  felt  that  wood  flooring 
could  be  made  more  attractive  by  making  it 
usable  with  less  interruption  of  work  flow. 
We  found  that,  particularly  in  renovation, 
wood  flooring  is  generally  installed  over  a  sub- 
floor  before  interior  partitions  are  erected  or 
finish  wall  materials  applied.  Unless  prefin- 
ished flooring  is  used,  the  need  for  finishing 
and  drying  makes  carpeting  and  resilient 
flooring  preferable  because  workers  need  not 
return  later  to  complete  operations.  In  addi- 
tion, carpeting  and  the  resilients  can  be  in- 
stalled closer  to  the  end  of  the  construction 
job  and  with  less-skilled  labor. 

With  known  technology,  wood  flooring  prod- 
ucts could  be  manufactured  to  meet  preferred 


construction  practices  as  well  as  market  de- 
mands. Several  types  have  been  recom- 
mended, manufactured,  and  tested;  some  have 
been  put  to  satisfactory  use  and  others  repre- 
sent good  possibilities.  ^ 

Improve  Promotion  and  Advertising 
and  Present  Additional  Benefits 

Although  not  considered  nearly  as  impor- 
tant as  product  availability,  costs,  and  com- 
patibility, some  other  factors  were  mentioned 
in  the  interviews  that  affect  the  acceptance 
and  selection  of  flooring  products. 

Wood  flooring  could  be  made  more  appeal- 
ing by  emphasizing  the  additional  benefits  it 
provides.  The  interviews  indicated  that  the 
techniques  employed  in  promotion  and  ad- 
vertising create  the  users'  image  of  a  product: 
that  wood  flooring  is  not  well  promoted;  and 
that  its  characteristics  and  properties  need  to 
be  presented  more  frequently  and  in  a  way 
that  informs  the  user  of  its  inherent  beauty, 
variability,  adaptability,  and  freedom  of  main- 
tenance. 

Then  there  is  aesthetic  appeal:  the  feeUng 
of  luxury,  prestige,  and  modernity.  Wood 
flooring  was  seldom  thought  of  in  these  terms. 

The  wood-flooring  industry  could  improve 
the  image  and  acceptance  of  wood  flooring  by 
employing  more  appeals  to  the  senses,  more 
competitive  sales  arguments,  more  glamorous 
advertising,  and  more  point-of-purchase  ad- 
vertising; and  by  providing  more  technical 
information  and  assistance.  Much  of  this  could 
be  accomplished  at  the  source  of  supply  and 
through  trade  associations. 

Other  changes  that  could  help  promote  the 
use  of  wood  flooring  products  are  improve- 
ments in  color  and  design,  versatility,  the 
ability  to  blend  with  decor  and  furnishings, 
shock  and  sound  absorbency,  and  resistance 
to  grease,  solvents,  toys,  and  children. 

DISCUSSION 

Wood  flooring  has  traditionally  been  used 
to  a  greater  extent  in  the  rehabilitation  of 
urban  housing  than  any  other  type  of  floor- 
ing. This  trend  cannot  be  expected  to  con- 
tinue unless  certain  measures  are  taken  by 
the  wood-flooring  industry  to  make  wood  floor- 


ing  more  acceptable  to  the  building  contractor 
and  housing  owner. 

A  well-rounded  marketing  program  is  es- 
sential to  make  wood  flooring  more  desirable 
and  more  readily  obtainable.  The  industry 
should  attempt  to  integrate  in  a  forward  direc- 
tion to  optimize  functional  performance  and  to 
control  the  marketing  and  distribution  of  its 
manufactured  products  to  the  ultimate  con- 
sumer. 

Although  marketing  endeavors,  particularly 
those  affecting  product  availability,  need 
priority  attention,  improvement  in  these  areas 
probably  will  not  help  sell  wood  flooring  to 
the   urban   rehabilitation   market   unless   the 


industry  also  provides  better,  more  compatible 
products  to  the  market.  Product  modification 
for  more  efficient  installation  is  the  best  op- 
portunity for  the  industry  to  have  a  major 
share  of  the  market. 

All  the  recommended  improvements  could 
be  accomplished  with  known  methods  and 
technology.  However,  most  of  the  changes  will 
not  be  easy,  and  traditional  methods  and 
products  may  have  to  be  eliminated.  Our  data 
indicate  that,  in  addition  to  insuring  itself  of 
a  good  market  in  urban  rehabilitation,  the 
wood-flooring  industry  could  benefit  from 
these  efforts  in  other  residential  markets. 


THE  FOREST  SERVICE  of  the  U.  S.  Depart- 
ment of  Agriculture  is  dedicated  to  the  principle  of 
multiple  use  management  of  the  Nation's  forest  re- 
sources for  sustained  yields  of  wood,  water,  forage, 
wildlife,  and  recreation.  Through  forestry  research, 
cooperation  with  the  States  and  private  forest 
owners,  and  management  of  the  National  Forests 
and  National  Grasslands,  it  strives  —  as  directed 
by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 


By  Stanford  L.  Arner 


PROFILE 

A  computer  program  for  displaying 

the  geometric  relationships  of  the 

responses  in  a  foctorial  design 


.<ptRS//=f^^ 


JUN    ^i   1974 


USDA  FOREST  SERVICE  RESEARCH   PAPER  NE-288 
1974 

NORTHEASTERN    FOREST   EXPERIMENT  STATION 

FOREST  SERVICE,   U.S.   DEPARTMENT  OF  AGRICULTURE 

6816   MARKET  STREET,   UPPER   DARBY,   PA.    19082 

WARREN  T.  DOOLITTLE.  DIRECTOR 


The  Author 

STANFORD  L.  ARNER  has  served  as  a  computer 
programmer  and  mathematical  statistician  in  the  bio- 
metrics branch  of  the  Northeastern  Forest  Experiment 
Station  since  1966.  He  received  a  Bachelor  of  Science 
degree  in  Forest  Science  from  the  Pennsylvania  State 
University  in  1966  and  a  Master  of  Science  degree 
from  the  School  of  Forest  Resources  at  the  Pennsyl- 
vania State  University  in  1971. 


Manuscript  received  for  publication  6  August  1973 


A  computer  program  for  displaying 

the  geometric  relationships  of  the 

responses  in  a  factorial  design 


ABSTRACT 

One  procedure  in  analyzing  the  responses  to  factors  in  an  experi- 
ment is  to  construct  profiles  of  the  means.  Profiles  are  plots  of  the 
sample  means  of  each  level  of  one  factor  at  each  level  of  one  or 
more  of  the  other  factors  in  the  experiment.  The  construction  of 
these  profiles  and  tests  of  hypotheses  about  the  mean  responses  is 
called  profile  analysis.  This  paper  discusses  profile  analysis  and 
presents  a  computer  program  which  produces  profiles  of  the  experi- 
mental means. 


QnE  objective  of  designed  experiments 
is  to  find  the  relationship  of  the  response 
to  various  factors  in  the  experiment.  Profile 
analysis  is  a  technique  for  studying  the  geo- 
metric relationships  among  the  expected 
responses  in  a  multifactor  experiment.  Pro- 
files are  line  segments  connecting  the  means 
for  the  levels  of  one  factor  (A)  at  each  level 
of  a  second  factor  (B).  If  there  is  a  third 
factor  (C),  there  are  three  possible  simple 
profiles:  the  AB  profiles  at  each  level  of  C; 
the  AC  profiles  at  each  level  of  B;  and  the 
BC  profiles  at  each  level  of  A.  Also,  there  are 
the  two  factor  profiles  combined  over  all 
levels  of  the  third  factor,  and  the  one  factor 
profiles  combined  over  all  levels  of  the  other 
two  factors. 

To  introduce  profile  analysis,  an  example  of 
a  three-way  factorial  experiment  is  presented. 
In  this  hypothetical  experiment  the  height 
growth  of  two  species  of  trees  fertilized  with 
two  levels  of  nitrogen  and  three  levels  of  phos- 
phorus is  measured.  Let  Yijk,,,  be  the  height 
growth  on  the  m"'  tree  of  the  i'"  species  (fac- 
tor A),  fertilized  with  the  j"'  level  of  nitrogen 
(factor  B)    and  the  k'"  level  of  phosphorus 


(factor  C) .  The  mean  height  growth  of  the  Mi  ju 
trees  in  the  ijk"'  factor  combination  is 

_  Mjjk 

Yijk=    S  Yijkm/Mijk. 

m=l 

Experimental  values  for  the  Yij^  are  pre- 
sented in  table  1.  For  demonstration  purposes 


Table  1 . — Means  for 

simple  profiles 

A, 

A2 

C]         C2         Gs 

c,      a 

a 

B,         40         30         60 
B2         60         50         20 

20      10 

40         30 

40 
0 

we  assume  that  these  are  population  values. 
With  real  data  the  values  obtained  would  be 
sample  means  rather  than  population  means. 
The  expected  value  of  the  sample  means 
would  be  the  population  means;  that  is, 

E  (Yjjk)  =  Aiijk  . 
The   simple   profiles   of  interest   might   be 
the  nitrogen  by  phosphorus  profiles  for  each 
species.  One  of  the  nutrient  factors  (say  phos- 
phorus) is  chosen  for  the  horizontal  axis,  the 


other  (nitrogen)  is  chosen  for  the  vertical 
axis.  The  3  levels  of  phosphorus  are  then  the 
points  along  the  horizontal  axis  at  which  the 
mean  responses  Yijk  are  plotted  for  each  level 
of  nitrogen.  Using  the  values  in  table  1,  Ym 
would  be  positioned  at  a  height  of  40  on  the 
vertical  axis  directly  above  the  first  index 
point  of  the  horizontal  axis;  Ym  would  be 
directly  above  the  first  point  at  60  on  the 
vertical  axis.  The  simple  profiles  for  species  1 
are  the  first  set  of  profiles  in  figure  1,  while 
those  for  species  2  are  the  second  set. 

The  means  for  the  two-way  profiles  com- 
bined over  the  third  factor  are: 

_  2    _ 

Y.jk=    2    Yijk/2 
i=  1 


Yi.k=    2    Yijk/2 
j=  1 


Yij.  =     2    Yijk/3 
k=  1 

For  example: 
Y.n-  (Y,,,  +Y2,i)/2=  (40+  20) /2  =  30 


Figure  1 . — Simple  BC  profiles  for  each  level  of  factor  A. 
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Table  2. — Means  for  fwo-way  profiles  combined  over  third  factor 


A.  +  A2 

R  +  B= 

Q  +  C2  +  C 

Ci   C2 

a 

a  a 

c 

A,     A. 

B, 
B= 

30   20 
50   40 

50 
10 

A, 
A2 

50   40 
30   20 

40 
20 

B,   43.33   23.33 
B.   43.33   23.33 

Figure  2. — Two-way  profiles  combined  over  third  factor. 
BC  AC 


The  values  of  the  means  combined  over  the  _  2      _  3      _ 

third  factor  are  given  in  table  2,  and  the  com-  Yi_  =    2      Yjj  /2  =     2      Yi,k  /3 

bined  profiles  are  given  in  figure  2.  J  =  1  k  =  1 

The  last  sets  of  profiles  are  based  on  the  ^^^  ^^j^^^  ^^  ^^^  ^^^^^  combined  over  two 

means  combmed  over  two  factors.  These  are:  ^^^^^^^  ^^^  ^-^^^  -^  ^^j^^^  3  ^^^  ^^^  combined 


_  2     _  2     _ 

Y..k=    £     Y.jk/2=    2     Yi.k/2 
j   =  1  1=1 

_  2    _  3         _ 

Y.j.=    2    Yij./2=    2         Y.jk/3 
i=  1  k  =  1 


profiles  are  shown  in  figure  3. 


Table  3. — A^eons  for  single  factors  combined 
over  other  two  factors 


B,      33.33 
B.      33.33 


A,       43.33 
A=       23.33 


C,  40 
C  30 
C,       30 


Figure  3. — Profiles  on  one  factor  combined  over  other  two  factors. 
A+C  B+C  A+B 


Profile  Analysis 

And  The  Factorial  Model 

The  statistical  model  for  a  three  way  fac- 
torial design  can  be  written 

Pijk  =  A'  +  Ai+Bj  +  Ck  +  ABij  +  ACik 

+  BCjk  +  ABCijk; 

further 

ZiAi=2jBj=SkCk  =  0 

2iABij=2jABij=2iACik  =  2kACik  =  2:jBCjk 
=  2kBCjk  =  0 

SiABCijk  =  2jABCijk=2kABC,jk  =  0; 

The  parameters  are  the  main  effects  A,  B,  C; 
the  two-way  interactions  AB,  AC,  BC;  and 
the  three-way  interaction  ABC. 

For  interpretation  of  the  two-way  interac- 
tions we  look  at  the  two-way  profiles  combined 
over  the  levels  of  the  third  factor.  For  ex- 
ample, the  means  combined  over  factor  A  are 

I 

M.jk  =    2     /Jijk/I 
i  =1 

=  (  I  M  +  2  Ai  +  I  Bj  +  I  Ck  +  SABjj  + 
SACik  +  I  BCjk  +  2  ABCijk  )  /  I 

=  M  +  Bj  +  Ck  +  BCjk, 

since  the  restrictions  imposed  on  the  param- 
eters result  in  all  terms  involving  A  sum- 
ming to  zero. 

The  fi.jk's  are  the  means  plotted  on  the  com- 
bined BC  profiles  which  are  used  to  deter- 
mine if  there  is  a  BC  interaction.  The  inter- 
action is  the  degree  to  which  the  profiles  are 
not  parallel.  If  the  profiles  are  parallel  there 
is  no  interaction. 

The  BC  interaction  can  be  expressed  in 
terms  of  ju,  jn.  If  there  is  no  BC  interaction  the 
distance  between  profiles  is  the  same  at  each 
point  along  the  horizontal  axis.  Therefore 
fj^Ak  —  i':2k  is  constant  for  all  k.  For  this  ex- 
ample the  hypothesis  of  no  BC  interaction  is: 

(M.11    -    /J,2l)  -    (M.12   -   A(.22)  =    0 
(A^.12    -   M.22)-    (jU.13   -   M.23)  =    0 


These  linear  combinations  of  means  are  func- 
tions of  the  BC  interactions  only  since 

/J. 11    -   ^.21    -   M.12    +  ^.22 

=  (/j  +  B,+C,+BC,i)-  (a(  +  B2  +  C,+BC2i) 

-     (/i  +  B,+C2+BC,2)+(M  +  B2+C2+BC22) 

=  BCi  J  ~  BC21  ~  BC12  "'" BC22  • 
Likewise, 

M.12    -   M.22   -   M.13    +  M.23    = 

BCj2  ~  BC22  ~  BCj3  +  BC23 . 
For  this  example  (table  2), 

(m.u  -  M.21)-  (m.12  -  M.22)  = 
(30-50)-  (20-40)=  0 

(M.12    -   M.22)  -    (M.13   -   M.23)  = 

(20-40)-  (50-10)=  -60 

implying  that  the  BC  interaction  is  not  zero. 
The  BC  profiles  (fig.  2),  show  that  the  profile 
segments  between  Ci  and  Co  are  parallel  and 
the  segments  C2  and  C3  are  not  parallel. 

The  combined  AB  and  AC  profiles  provide 
similar  information  about  the  AB  and  AC 
interactions.  In  the  example,  both  the  AB  and 
AC  profiles  are  parallel.  Therefore  there  is  no 
AB  or  AC  interaction.  The  interactions  as- 
sociated with  the  combined  profiles  are  called 
the  overall  interaction  effects. 

Now  consider  the  simple  BC  profiles  for 
one  level  of  A,  (fig.  1).  The  profiles  are  not 
parallel;  that  is,  the  BC  interaction  at  ai  and 
a,,  is  not  zero.  These  interactions  are  called 
simple  interaction  effects  (denoted  BC  for 
aO. 

When  each  cell  of  the  experiment  has  the 
same  number  of  observations,  the  variation  in 
the  simple  interactions  is  related  to  the  vari- 
ation in  the  overall  interactions  as  follows: 

SSbC  at  ai   +  SSbC  at  82=  SSfiC  +  SSabC  , 

In  the  example  the  variations  due  to  the  sim- 
ple BC  interactions  are  both  positive,  there- 
fore one  or  both  of  SSbc  and  SSabc  are  posi- 
tive. We  have  seen  that  SSnc  is  not  zero.  But 
what  is  the  value  of  SSabc? 

For  information  about  the  variation  due  to 
the  overall  ABC  interactions,  we  compare  the 


simple  BC  profiles.  The  three-way  interaction 
is  zero  when  the  BC  interactions  for  each 
level  of  A  are  similar.  This  could  occur  either 
when  the  simple  profiles  are  parallel  to  each 
other  or  when  both  simple  interactions  are 
zero.  For  our  data,  the  individual  simple  pro- 
files are  not  parallel,  but  the  sets  are  parallel 
to  each  other.  Therefore  the  ABC  interaction 
is  zero. 

In  terms  of  means,  the  hypothesis  of  no 
three-way  interaction  is, 

(Afiii-Aini)  -  (M112-/J122)  = 
(^211-^221)  -  if^ 212 -1^222) 

(/^I12-Ml22)^    (^113-^123)  = 
(M212-M222)  -    (^(213-/^223) 

or, 

((i"in-J"i2i)  -  (M112-/J122))  - 

((M2II-M221)  -    (M212-;"222))  =    0 

((M112-M122)  -  if^  113- ^^  123))  - 
_  ((M212-M222)  '  (1^213-1^223))  =  0. 

For  our  example  the  values  for  the  hypothesis 
are, 

((40-60)-  (30-50))- 
((20-40)-  (10-30))  =  0 

((30-50)-  (60-20))- 
_  ((10-30)-  (40-0))  =  0    _ 

The  hypothesis  of  no  three-way  interaction 
is  a  function  of  the  ABC  interaction  only  and 
can  be  expressed  in  these  terms  by  substitut- 
ing ABCijk  for /M,k. 

The  interpretation  of  mean  profiles  can  be 
extended  to  experiments  with  more  than  three 
factors.  For  instance,  the  four-way  profiles 
could  be  created  by  plotting  the  two  factor 
profiles  at  each  combination  of  levels  of  the 
other  two  factors.  Interpretation  of  param- 
eters and  tests  of  the  statistical  model  for 
experiments  involving  more  than  three  factors 
is  difficult,  however. 

Table  4  summarizes  the  relationships  that 
the  sums  of  squares  for  the  two-way  and 
three-way  interactions  have  with  the  form  of 
the  simple  and  combined  two-way  profiles. 
As  an  example,  suppose  the  test  results  given 


Table   4. — Relationship  of  simple  and  combined 

profiles  to  the  variation  due  to  two- 

and  three-way  interactions 


Lines  in 

one  simple 

profile 

compared 

to  lines 

Lines  in 

in  all  other 

Lines  in 

Vali'p  "f 

combined 

simple 

each  simple - 

profile 

profiles 

profile 

SSab 

SSabo 

NP 

NP 

NP 

>o 

>o 

NP 

P 

NP 

>o 

0 

P 

NP 

NP 

0 

>o 

P 

P 

P 

0 

0 

P 

NP 

P 

0 

0 

NP  —  The  profiles  arc  not  parallel. 
P  =  The  profiles  are  parallel. 


in  the  last  line  of  table  4  are  encountered.  If 
the  lines  of  the  AB  profile  combined  over 
factor  C  are  parallel  and  the  lines  in  each 
simple  AB  profile  are  parallel,  even  though  the 
simple  profiles  are  not  parallel  to  each  other, 
both  SSab  and  SSabc  are  zero. 

For  a  more  detailed   discussion  of  profile 
analysis,  see  Winer  1962,  pp.  162-184. 


DESCRIPTION  OF  THE 
COMPUTER  PROGRAM— PROFILE 

Program  Profile  is  designed  to  show  the 
relationships  between  the  response  and  various 
factors  in  the  experiment. 

Any  pair  of  factors  can  be  chosen  for  the 
vertical  or  the  horizontal  axis.  Further,  a 
third  factor  can  be  designated  such  that  pro- 
files will  be  created  for  each  level  of  this  third 
factor.  Also,  specific  levels  of  any  of  the  fac- 
tors can  be  selected  so  that  a  set  of  profiles 
is  plotted  for  the  one  level  only.  If  there  are 
multiple  observations  for  each  level  of  the 
factors  —  for  example,  measurements  on  a 
variable  at  different  time  periods — the  re- 
sponse vector  can  be  designed  as  a  factor 
using  the  different  observations  as  the  levels. 

The  scale  for  the  levels  of  the  factor  on  the 
horizontal  axis  can  have  unequal  distances 
between  levels.  If  the  time  periods  are  1,  2, 
and  4,  for  example,  the  distance  between 
levels  2  and  3  is  twice  the  distance  between 
levels  1  and  2. 

The  responses  can  be  transformed  by  in- 


sertion  of  a  user-written  FORTRAN  sub- 
routine. 

The  program  is  designed  to  handle  data 
from  multiple  factor  experiments.  If  there  is 
a  subclass  for  which  no  record  is  observed, 
then  that  cell  is  considered  missing  from  the 
design.  A  missing  cell  is  ignored  in  the  calcu- 
lation of  a  combined  mean.  Therefore  the 
profile  of  the  combined  means  must  be  inter- 
preted with  caution. 

There  is  an  option  that  is  useful  when  the 
response  variables  are  counts.  In  this  case  the 
absence  of  records  implies  a  zero  count  for 
that  cell.  The  cell  is  not  considered  missing 
from  the  design,  and  is  therefore  included  in 
the  calculation  of  a  combined  mean.  If  the 
design  is  incomplete,  the  missing  cells  can 
be  identified  by  the  user. 

The  differences  between  the  two  methods 
can  best  be  illustrated  by  the  calculation  of 
cell  means.  Suppose  there  are  two  factors, 
each  with  two  levels.  If  there  is  at  least  one 
observation  in  each  cell  the  means  are  calcu- 
lated as  follows : 

Normal  Procedure  Counts  Option 

Zij  =  Zjj /njj  ^ij  =  Zjj /I 

Zi.  =  (Zi,  +  Zi2)/2         Zi.  =  (Zi,  +  Zi2)/2 

If  there  is  no  record  for  Z12  and  Z12  is  not 
designed  as  missing  for  the  counts  option; 


Z,.=  Z,,/l 


Zi.=  (Z,,  +  0)/2 


(Z21    +    Z22)/2  Z2.=     (Z21    +    Z22)/2 


Program  Control  Cards 

1.  Data  Set  Control  Card 
Column 
1,  2  NS  =  Number  of  factors  in  design. 
3,  4  NYR  =  Number  of  responses  per  ob- 
servation (length  of  response 
vector) . 
5,  6  NF  =  Number  of  format  cards  (<3). 
7,  8  NFL  =  Input  file  number  (5  is  de- 
fault) . 
9,  10  PM  If  PM=0  print  all  cell  means 
of  complete  design. 
If  PMz=l,  skip. 


11,  12  NT  If  NT  =  0  no  data  transforma- 
tion. 

If  NT  —  1  transform  data  with 
user-written  subroutine. 
13,  14  ICNT  If  ICNT  =  0  responses  are 
measurements  on  some  con- 
tinuous variable. 
If  ICNT  =  1  responses  are 
frequency  counts. 
15,  16  NDES  =  Number  of  cells  not  in- 
cluded   in    design.     (If 
ICNT=1  and  some  of 
the  factor  combinations 
are  not  included  in  the 
design  of  the  experiment 
NDES  is  the  number  of 
cards  to  be  read  contain- 
ing the  factor  levels  for 
which    the    observation 
count  is  set  to  zero.) 
21-25  LEVELS  (1)  =  Number  of  levels  of 

response  factor  af- 
ter transformation. 
26-75  LEVELS  (L)  =  Number  of  levels  of 

factor  L;  (L  =  1  to 
NS) .  These  are  con- 
secutive fields  of 
length  5. 

2.  Variable  Format  Cards 

These  begin  with  a  left  parenthesis  in  col- 
umn 1  of  the  first  card  which  is  followed  by 
NS  I  format  designations  and  NYR  F  or  E 
format  designations.  A  right  parenthesis 
should  follow  the  last  F  or  E  format  field. 

3.  Missing  Ce// Cards  (Optional) 

One  card  for  each  missing  criterion  and/or 
cell  in  the  design.  The  first  2  digit  code  desig- 
nates the  element  of  the  response  vector  and 
the  remaining  2  digit  codes  represent  the  fac- 
tor levels  of  the  missing  values;  card  format 
(11  12).  Missing  cell  cards  are  needed  when 
ICNT  =  1  and  NDES  ^  0. 

4.  Datacards 

The  data  card  format  must  conform  to  the 
variable  format  specifications.  There  are  NS 
integers  indicating  the  levels  of  the  factors, 
followed  by  the  response  vector  of  length  NYR. 
The  factor  level  codes  must  be  consecutive  in- 


tegers  beginning  with  1.  If  the  codes  are  not 
consecutive  integers  a  user  transformation  sub- 
routine (TRANS)  can  be  written  to  put  the 
codes  in  the  proper  form.  The  response  vector 
can  also  be  transformed  by  this  subroutine.  If 
the  data  is  on  cards  and  if  N  is  the  number  of 
cards  per  observation,  N  blank  cards  must  fol- 
low last  data  card. 

5.  Axis  Title  Card 
Cols. 

1-28  YAXIS— Title  for  profile  lines. 
29-56  XAXIS— Title    for    factor   on    hori- 
zontal axis. 
57-80  REPEAT— Title  for  factor  given  con- 
trol value  116  on  card  7. 

6.  General  Title 
Cols. 

1-79  Title — general  title  for  profile 
80        0  or  blank  =  further  plots  involving 
present  data  follow 
1  =  last  plot  for  this  data 

set  (needed  only  if  fur- 
ther data  sets  follow). 

7.  Factor  Control  Card 

On  this  card  the  user  specifies  the  profiles 
he  wants  plotted  by  assigning  plotting  codes 
to  the  factors  in  the  experiment.  One  of  the 
codes  that  appear  below  must  be  assigned  to 
the  response  and  one  to  each  factor  to  indi- 
cate how  each  is  used  for  the  profiles. 

The  plotting  codes  are 

I  =  Profiles  for  I'"  level  of  factor   (or  re- 
sponse ) . 

113  =  Profiles  combined  over  levels  of  factor 

(or  response). 

114  =  This  factor  (or  response)  used  for  ver- 

tical axis. 

115  =  This  factor  (or  response)  used  for  hori- 

zontal axis. 

116  =  Separate  profiles  plotted  for  each  level 

of  this  factor  (or  response) . 

Codes  114,  115,  and  116  can  appear  only  once 
for  each  set  of  profiles.  The  NS  +  1  codes  must 
be  punched  on  the  card  in  the  following  for- 
mat. The  remaining  fields  must  be  blank. 


Cols. 

1-5     Plotting  Code  for  response  vector. 

6-10  Plotting  Code  for  factor  1. 
11-15  Plotting  Code  for  factor  2. 


56-60  Plotting  Code  for  factor  10. 

80        NES  —  horizontal  scale  indicator 

NES  =  0      horizontal      scale      equally 
spaced. 
=  1    horizontal    scale    unequally 
spaced;  scale  card  follows: 

8.    Horizontal  Scale   Card    (optional,   needed 
only  if  column  80  of  card  7  is  1) 

Cols. 

1-5       Scale  position  for  level  1 

6-10     Scale  position  for  level  2 
as  many  fields  of  5  as  needed. 

Repeat  cards  5,  6,  7,  and  8  if  needed  for 
each  additional  set  of  profiles.  Repeat  cards 
1  to  8  for  each  additional  data  set. 

DATA  TRANSFORMATION   ROUTINE 

The  option  for  the  user  to  transform  the 
data  with  a  FORTRAN  subroutine  is  pro- 
vided. The  placement  of  the  routine  depends 
upon  the  system  that  is  being  used.  The  IBM 
360  or  370  series  requires  that  this  routine 
immediately  precede  the  object  deck. 

Suppose  in  the  example  the  three  levels  of 
phosphorus  (factor  C)  are  coded  0,  2,  and  5. 
These  codes  need  to  be  changed  to  1,  2,  and  3 
respectively.  Suppose  also  that  the  user  wants 
to  examine  the  response  on  the  square  root 
scale.  The  transformation  routine  could  be, 

SUBROUTINE  TRANS  (Y,  I,  N,  DS) 

REALY(N) 

INTEGER  DS,  1(11) 

Y(2)  =  SQRT(Y(1)) 

IF(I(4)-2)  1,2,3 

1  1(4)  =1 
GO  TO  4 

2  1(4)  =  2 
GO  TO  4 

3  1(4)  ^  3 

4  RETURN 
END 

All  arguments  of  the  subroutine  are  trans- 


f erred  from  the  calling  routine  and  are  not 
specified  by  the  user.  The  arguments  N  and  DS 
should  be  explained  further.  N  is  the  length 
of  the  response  vector,  DS  is  the  number  of  the 
data  set  that  is  being  read.  If  a  job  contains 
more  than  one  data  set  for  which  different 
transformations  are  required,  an  IF  statement 
must  be  inserted  directing  program  flow  to 
the  appropriate  transformations  for  each  data 
set. 

Notice  that  although  the  levels  of  the  third 
factor  are  being  receded,  the  subscript  for  I 
is  4.  If  the  j'"  factor  is  being  recoded  the  sub- 
script of  I  must  be  j  +  1.  This  is  necessary 
since  the  response  is  considered  the  first  fac- 
tor by  the  program. 

PROGRAMMING  CONSIDERATIONS 

Definitions: 

1.  NS  =  Number  of  factors. 

2.  MAX(j  +  1)  =  Highest  level  of  j"' fac- 
tor. 

MAX(l)  =  Length  of  response  vector. 
NS  +  1 

3.  MXSTR  =       n  MAX  (j) 

4.  NF  =  Number  of  format  cards. 

5.  JMAX  =  Difference  between  largest  and 
smallest  relative  levels  of  horizontal  axis 
factor. 

Restrictions : 

1.  NS  <  10 

2.  MAX(j)    <   99  all  factors  not  used  on 

vertical  axis. 

<  12  any  factors  used  on  ver- 
tical axis. 

3.  NF  <  3 

4.  1  <  JMAX  <  110 
4.  MXSTR  <  5000 

If  a  problem  is  encountered  where  MXSTR 
>  5000  the  following  changes  should  be  made 
in  the  main  program: 

1.  Set  MSTR  =  MXSTR. 

2.  Change  dimension  of  Y  and  IC  to  Y 
(MXSTR)  andIC  (MXSTR). 


DESCRIPTION  OF  OUTPUT 

Information  from  the  first  control  card  is 
printed  on  the  first  page  of  output.  Following 
this  is  the  variable  format  for  this  data  set 
and  a  listing  of  the  factor  means. 

For  each  job  concerning  this  data  set  the 
actual  profiles  are  preceded  by  a  page  con- 
taining means  to  be  used  on  the  profiles  and 
the  control  values  for  each  factor. 

A  profile  for  each  level  of  the  factor  or 
response  selected  for  the  vertical  axis  is  then 
plotted  at  each  level  of  the  horizontal  axis. 
Numbers  or  letters  are  used  as  plotting  char- 
acters to  represent  the  levels  of  the  vertical 
axis  factor;  levels  1  to  9  are  represented  by  the 
integers  1  to  9,  level  10  by  0,  level  11  by  A, 
and  level  12  by  B.  A  line  segment  consisting 
of  the  appropriate  plotting  character  joins 
each  point  along  the  horizontal  axis. 

Overplots  occur  if  the  mean  values  of  two 
or  more  profiles  at  any  point  on  the  horizontal 
axis  are  the  same.  These  are  listed  on  the  page 
following  the  profiles  in  the  form  Z  ( I, J )  =  M, 
where  I  is  the  level  of  the  vertical  axis,  J  is  the 
point  on  the  horizontal  axis,  and  M  is  the 
mean  value. 


SAMPLE  PROBLEM 

The  sample  problem  involves  the  same  fac- 
tors as  discussed.  The  response  vector  is 
seedling  height  growth  measured  1,  2,  4,  and 
8  years  after  application  of  the  fertilizer.  The 
data  cards  have  a  1  punched  in  the  field  for 
the  first  factor.  This  dummy  factor  is  included 
in  order  that  a  profile  for  any  one  of  the  fac- 
tors alone  can  be  plotted. 

The  first  set  of  profiles  uses  the  dummy  fac- 
tor for  the  vertical  axis  and  plots  the  profiles 
for  phosphorus  at  time  1,  summing  over  the 
other  factors.  The  second  set  of  profiles  plots 
the  means  for  the  two  levels  of  N  (1  =  N 
present,  2  =  N  absent)  for  each  level  of 
phosphorus  at  time  1,  while  the  third  and 
fourth  profiles  represent  the  nitrogen  by 
phosphorus  profiles  for  each  species. 

Profile  1  shows  that  the  mean  height  growth 
for  the  trees  treated  with  the  3rd  level  of 
phosphorus  is  greater  than  the  growth  of  the 
trees  treated  with  levels  1  and  2.  Profile  2 
demonstrates  the  nitrogen  by  phosphorus  in- 
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teraction.  The  mean  height  growth  for  phos- 
phorus levels  2  and  3  is  greater  when  nitrogen 
is  present,  while  the  mean  growth  for  phos- 
phorus level  1  is  greater  when  nitrogen  is 
absent. 

Profiles  3  and  4  illustrate  the  lack  of  three- 
way  interaction.  The  nitrogen  by  phosphorus 
profiles  for  each  species  are  parallel  to  each 
other.  Finally,  profile  5  demonstrates  the  use 
of  an  additional  control  card  to  read  relative 
values  of  the  horizontal  axis.  The  heights  were 
measured  at  times  1,  2,  4,  and  8.  Therefore 


the  horizontal  axis  distance  between  measure- 
ments 2  and  3  is  twice  the  distance  between 
times  1  and  2.  This  set  of  profiles  also  shows 
the  increase  in  mean  height  growth  with  time, 
and  the  fact  that  the  species  2  means  are 
greater  than  the  means  of  species  1  for  each 
time  period.  Also,  the  difference  is  of  the  same 
magnitude  in  each  time  period. 
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PROFILE     TEST    DATA  PHOSPHORUS    MAIN       EFFECT         TIME    1 

1       114       113       113       115 
NITROGEN  PHOSPHORUS 

NITROGEN    X    PHOSPHORUS  COMBINED    SPECIES         TIME    I 

1  1       113       114       115 

NITROGEN  PHOSPHORUS  SPECIES 

NITROGEN    X    PHOSPHORUS         EACH    SPECIES  TIME    I 

1  1       116       114       115 

SPECIES  TIME    PERIOD 

SPECIES    X    TIME  LEVELS    OF    N    AND    P    COMBINED 

115  1       114       113       113  1 

12  4  8 
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OUTPUT  FOR  SAMPLE  PROBLEM 


PROFILE    ANALYSISf    CONTPOL     INFCRMATICN    FOR    THIS    DATA    SET 


NO.    SUBSCRIPTS(FACTORS)    = 
NO.    Y'S    READ    IN    = 
NO.     FORMAT    CARDS    = 
PRINT     MEANS    = 
DATA    FILE    NO.    = 
COUNT    OPTION,     ICNT    = 


NO.    CELLS    NCT    INCLUDED    IN    DESIGN    FOR    COUNT    OPTION,    ND£S= 


MAXIMUf    VALUE    OF    £A 
ICK(L)     =  4 

FORMAT    OF    DATA 
('»I2,7X,4F5.0) 

TOTAL    NO.    OF    RECORD 


FACTOR    SUBSCR 
4    11111 

4  12  111 

4  112  11 

4  12  2  11 

4  1112  1 

4  12  12  1 

4  112  2  1 

4  12  2  2  1 

4  1113  1 

4  12  13  1 

4  112  3  1 

4  12  2  3  1 


PTS, 
1 


H  SUBSCRIPT,   FIRST  SUBSCRIPT  REFERS  TO  LENGTH  OF  Y  VECTOR  ON  DATA  CARD 
2    2    3    111111 


ON  DATA  SET  =      16 
IRST  IS  NO.  OF  LEVELS  OF  OBSERVATION  VECTOR 


Yl  -Y12 
Yl  -V12 
Yl  -Y12 
Yl  -Y12 
Yl  -Y12 
Yl  -Y12 
Yl  -Y12 
Yl  -Y12 
Yl  -Y12 
Yl  -Y12 
Yl  -Y12 


MEAN 
NOBS 

MEAN 
NOBS 

MEAN 
NOBS 

MEAN 
NOBS 

MEAN 
NOBS 

MEAN 
NOBS 

MEAN 
NOBS 

MEAN 
NOBS 

MEAN 
NOBS 

MEAN 
NOBS 

MEAN 
NOBS 


Yl  -Y12   MEAN 
NOBS 


0.0 


20.00 
1 

40.00 
1 

60.00 
1 

30.00 
2 

50.00 
2 

10.00 
2 

30.00 
2 

60.00 
1 

80.00 
1 

40.00 
1 

60.00 
1 


5.00 
1 

25.00 
1 

45.00 
I 

65.00 
1 

35.00 

2 

55.00 
2 

15.00 
2 

35.00 
2 

65.00 
1 

85.00 
1 

45.00 
1 

65.00 
1 


10.00 

1 

30.00 
1 

50.00 
1 

70.00 
1 

40.00 
2 

60.00 
2 

20.00 
2 

40.00 
2 

70.00 
1 


20.00 
1 

40.00 
1 

60.00 
1 

80.00 
1 

50.00 
2 

70.00 
2 

30.00 
2 

50.00 
2 

80.00 
1 


90.00   100.00 
1        1 


50.00 
1 

70.00 
1 


60.00 
1 

80.00 
1 
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Measuring  Perception 

of  Elements  in 
Outdoor  Environments 


ABSTRACT 

The  meanings  of  10  concepts  that  describe  elements  of  natural  outdoor 
environments  were  measured  with  the  semantic  differential  technique. 
Each  concept  was  evaluated  on  three  factors  of  meaning  —  evaluation, 
potency,  and  activity.  Sixty  recreationists  were  surveyed  from  each  of 
three  user  groups  —  campers,  picnickers,  and  wilderness  hikers.  Simi- 
larities and  differences  were  found  in  the  way  in  which  the  groups  per- 
ceived each  other  and  elements  of  recreation  environments.  Study  results 
should  contribute  toward  a  better  understanding  of  the  way  in  which 
people  relate  to  outdoor  environments  and  what  they  expect  from  those 
environments. 


^OME  OF  THE  MOST  challenging  ques- 
tions that  resource  planners  and  managers 
need  answers  to  are:  What  do  natural  envi- 
ronments mean  to  people  who  use  elements  of 
those  environments?  How  do  these  people 
perceive  one  another?  And  how  do  they  relate 
to  people  who  manage  natural  environments? 
The  solution  to  these  questions  lies  at  the 
core  of  understanding  how  people  relate  to 
natural  environments  and  what  they  expect 
from  those  environments.  As  Leopold  pointed 
out  in  his  Sand  County  Almanac  (1966),  "to 
promote  perception  (of, nature)  is  the  only 
truly  creative  part  of  recreational  engineering." 
The  purpose  of  this  study  was  to  quantita- 
tively describe  how  three  groups  of  recreation- 
ists — auto  campers,  wilderness  hikers,  and 
picnickers — responded  to  these  questions. 

PERCEPTION  AS  MEANING 

The  scientific  investigation  of  how  people 
perceive  natural  environments,  other  people 
who  use  those  environments,  and  resource 
managers  is  important  to  the  resource-man- 
agement process.  Research  approaches  such  as 
those  by  Lucas  (1964),  Wenger  and  Videback 
(1969),  Hendee  et  al  (1968),  Shafer  et  al 
(1969),  and  Sonnenfeld  (1969)  have  set  the 
stage  for  continued  research  in  this  field.  But 
the  human  perceptual  process  is  still  not  un- 
derstood. Osgood  et  al  (1967)  state  that,  even 
among  psychologists,  there  is  much  confusion 
about  what  constitutes  perception. 

In  our  study,  perception  was  considered  to 
be  synonomous  with  meaning.  Perception  and 
meaning  are  intimately  related,  as  demon- 
strated by  the  following  discussion  on  percep- 
tion found  in  the  Dictionary  of  Philosophy 
and  Psychology  (Baldwin  1960) : 

Perception  is  sensation  only  insofar  as  sensa- 
tion conveys  meaning.  I  perceive  a  tree  that 
grows  before  my  window;  there  is  here  an  ob- 
ject which  is  perceived  and  an  act  of  mind  by 
which  it  is  perceived.  The  object  is  made  up  of 
a  trunk,  branches,  and  leaves;  but  the  act  of  the 
mind  by  which  it  is  perceived  has  neither  trunk, 
branches  or  leaves.  I  find  nothing  that  resembles 
it  so  much  as  the  remembrance  of  a  tree,  or  the 
imagination  of  it. 

It  is  this  "act  of  the  mind"  that  is  ulti- 
mately important  to  the  recreation  experience. 
A  wilderness  hiker  who  imagines  the  expected 


view  from  a  mountain  top  may  be  spurred  up 
the  arduous  mountain  trail.  Families  spend 
weeks  elaborately  planning  vacations  and 
thereby  enjoy  a  considerable  portion  of  their 
vacation  experience  even  before  it  occurs.  The 
importance  of  memory  and  recall  to  total  en- 
joyment of  a  recreation  experience  is  ade- 
quately demonstrated  by  the  universal  inclu- 
sion of  the  camera  as  part  of  one's  standard 
recreation  gear  and  by  the  stories  recreation- 
ists  tell  after  they  return  from  outdoor 
experiences. 

Meaning  may  be  denotative  or  connotative. 
Denotative  meaning  always  specifies  some- 
thing to  which  one  can  point  (e.  g.,  a  pencil). 
In  contrast,  connotative  meaning  is  emotional, 
expresses  a  value  or  preference,  and  varies 
from  person  to  person  (e.  g.,  wilderness).  Our 
study  was  concerned  with  measuring  the  con- 
notative meaning  of  general  concepts  that 
relate  to  natural  recreation  environments, 
managers,  and  recreationists. 


PROCEDURE 

The  semantic  differential  technique,  as  de- 
veloped by  Osgood,  was  used  in  this  study  to 
measure  the  meanings  of  various  concepts 
related  to  recreation  experiences  in  natural 
environments.  Osgood  used  factor  analysis  of 
50  bi-polar  adjective  pairs  to  isolate  three 
major  factors  or  "dimensions"  of  meaning: 
evaluation,  potency,  and  activity.  The  three 
factors  can  best  be  described  by  the  adjective 
pairs  that  were  most  highly  associated  with 
them. 

Osgood  found  that  the  adjective  pairs  most 
highly  associated  with  the  evaluation  factor 
were:  good-bad,  beautiful-ugly,  sweet-sour, 
clean-dirty,  tasty-distasteful,  valuable-worth- 
less, kind-cruel,  pleasant-unpleasant,  sweet- 
bitter,  happy-sad,  sacred-profane,  nice-awful, 
fragrant-foul,  honest-dishonest,  and  fair-un- 
fair. The  nature  of  the  potency  factor  was  best 
defined  by  the  adjective  pairs:  large-small, 
strong-weak,  heavy-light,  and  thick-thin.  The 
most  distinct  scales  associated  with  the  activ- 
ity factor  were:  fast-slow,  active-passive,  and 
hot-cold. 

Osgood  pointed  out  that  the  three  factors 
do    not    completely    delineate    the    semantic 


space  because  they  accounted  for  only  up 
to  50  percent  of  the  total  variance  in  the 
meaning  of  general  concepts.  He  also  found 
that  the  nature  and  magnitude  of  the  factors 
varied  with  the  concepts  judged.  His  studies 
frequently  showed  variability  in  factor  struc- 
tures; often  factors  combined  or  did  not  ap- 
pear consistently.  Nevertheless,  Osgood  con- 
cluded that,  "the  existence  of  a  large  number 
of  dimensions  to  the  total  semantic  space  is 
not  disastrous  as  far  as  measurement  is  con- 
cerned"; this  is  because  any  additional  factors 
account  for  a  relatively  small  proportion  of 
the  total  variance  regardless  of  the  concept 
studied. 

The  Concepts  and 
Test  Instrument 

Ten  general  concepts  were  selected  to 
describe  major  elements  of  recreation  experi- 
ences and  environments.  The  natural  environ- 
ment was  represented  by  six  concepts:  na- 
tional forest,  wilderness,  state  park,  lake, 
mountain,  and  wildlife.  Concepts  that  repre- 
sented recreationists  were  the  three  groups 
sampled  in  the  study — auto  camper,  wilder- 
ness hiker,  and  picnicker.  The  recreation  re- 
source manager  was  represented  by  park 
ranger. 

The  10  concepts  are  very  general  and  do 
not  describe  specific  aspects  of  recreation 
experiences  and  environments.  Therefore 
results  must  be  interpreted  broadly  and  not 
related  to  specific  situations.  Once  the  tech- 
nique has  been  more  fully  tested,  studies  can 
be  undertaken  to  answer  particular  questions. 

As  Osgood  pointed  out,  adjective  pairs  that 
have  maximum  loadings  on  one  factor  and 
minimum  loadings  on  another  factor  should 
be  used  to  construct  a  semantic  differential 
test  instrument.  It  would  be  most  desirable 
to  use  one  specific  scale  to  represent  each 
factor;  however,  individual  scales  are  neither 
perfectly  aligned  with  factors  nor  perfectly 
reliable.  Therefore  Osgood  suggested  that  a 
small  number  of  closely  related  scales  be  used 
to  represent  each  factor  and  that  an  average 
factor  score  be  derived  from  them. 

The  average  factor  score  is  assumed  to  be 
more  representative  and  more  reliable  than 
factor  scores  that  could  be  derived  from  indi- 


vidual  scales.  Twelve  bi-polar  adjective  pairs 
were  selected  from  Osgood's  results  and  used 
to  construct  the  test  instrument  for  this  study. 
Three  sets  of  four  bi-polar  adjective  pairs — 
one  set  for  each  of  the  three  factors — were 
selected  to  measure  the  meaning  of  the  10 
concepts  (table  1). 


Table   1 . — Bi-polar  adjective  scales  and  associated 
factor  loadings'" 


Scale  factor  load 

ing 

Bi-polar  adjective 
scale 

^atfot        P^ency 
(E)               ^^> 

Activity 
(A) 

Honest-dishonest 

.85                 .07 

-.02 

Pleasant-unpleasant 

.82              -.05 

.28 

Valuable-worthless 

779                  .04 

.13 

Relaxed-tense 

.55                  .12 

-.37 

Large-small 

.06                 .62 

.34 

Strong-weak 

.19                  .62 

.20 

Rugged-delicate 

-.42                  .60 

.26 

Wide-narrow 

.26                  .41 

-.07 

Fast-slow 

.01                 .00 

.70 

Active-passive 

.14                  .04 

.59 

Hot-cold 

-.04              -.06 

.46 

Ferocious-peaceful" 

-.69                 .17 

.41 

"Scales  and  factor  loadings  were  take  directly  from 
Osgood,  et  al.  The  Measurement  of  Meaning,  p.  37. 
Underlines  indicate  the  factor  that  each  adjective 
scale  was  used  to  represent  in  the  present  study. 

"Heavily  loaded  on  both  the  evaluation  and  activity 
scales. 


The  12  adjective  pairs  were  arranged  ran- 
domly on  individual  sheets  for  each  concept. 
Sheets  were  assembled  into  a  10-page  test 
booklet.  Respondents  were  asked  to  check 
one  of  seven  scale  positions  for  each  bi-polar 
adjective  scale.  The  position  checked  indi- 
cated how  a  respondent  felt  an  adjective  pair 
best  described  his  feeling  about  a  particular 
concept.  The  seven  scale  positions  ranged 
from  high  (very  pleasant)  through  neutral 
to  low  (very  unpleasant). 


Sampling  Procedure 

Recreationists  were  sampled  at  three  areas : 
auto  campers  from  campgrounds  along  the 
Allegheny  Reservoir  in  northwestern  Penn- 
sylvania; wilderness  hikers  from  the  Adiron- 


dack Mountains  of  northern  New  York  State; 
and  picnickers  from  Chittenango  Falls  State 
Park  in  central  New  York  State. 

The  Allegheny  Reservoir  lies  almost  en- 
tirely within  the  Allegheny  National  Forest. 
Recreation  use  patterns  are  influenced  strongly 
by  modern  campground  facilities  and  related 
water-oriented  recreation  developments.  Paved 
parking  spurs,  flush  toilets,  hot  showers,  and 
sewage-disposal  stations  attract  campers  with 
elaborate  motordrawn  camping  equipment. 

Auto  campers  were  randomly  selected  from 
three  developed  campgrounds.  Interviews  were 
divided  among  campgrounds  in  proportion  to 
their  occupancy  rate  on  a  sampling  day.  A 
fixed-interval  sampling  procedure  was  used 
within  campgrounds.  If  campers  were  not  at 
their  sites,  repeat  visits  were  made  until  they 
could  be  contacted.  If  two  or  more  camper 
groups  occupied  a  selected  site,  a  random 
procedure  was  used  to  select  the  respondents. 

The  Mt.  Marcy  Wilderness  lies  in  what  is 
commonly  called  the  High  Peaks  Region  of 
the  Adirondack  Mountains  of  New  York 
State.  The  primary  attraction  of  the  area  is 
its  wilderness  character.  Recreation  use  pat- 
terns are  strongly  governed  by  the  lack  of 
developed  facilities. 

Because  wilderness  hikers  are  usually  busy 
making  or  breaking  camp,  cooking  meals,  and 
planning  the  next  day's  activities,  interviews 
were  conducted  along  hiking  trails  between 
10:00  a.m.  and  4:00  p.m.  Estimates  of  the 
total  number  of  visitors  were  not  available; 
therefore  sampling  precision  could  not  be 
specified.  Interviews  were  conducted  with 
every  fifth  wilderness  hiker  group  encoun- 
tered. Only  those  who  had  stayed  in  the  area 
for  at  least  one  night  were  asked  to  take  part 
in  the  study. 

Chittenango  Falls  State  Park  is  located 
midway  between  the  Villages  of  Chittenango 
and  Cazenovia  in  central  New  York  State. 
The  major  park  attraction  is  a  167-foot  water- 
fall. Facilities  include  picnic  tables,  charcoal 
grills,  swings,  sand  boxes,  and  play  fields. 
Picnicking  and  viewing  the  waterfall  are  the 
major  recreation  activities. 

Fifteen  picnickers  were  interviewed  on  each 
of  four  sampling  days  at  Chittenango  Falls 
State  Park.  On  each  sample  day,  an  estimate 


was  made  of  the  number  of  families  picnick- 
ing in  the  area,  and  respondents  were  selected 
by  proportional  random  sampling  from  a  list 
of  occupied  picnic  tables. 

Sixty  interviews  were  conducted  for  each 
of  the  three  recreationist  groups.  No  campers 
or  picnickers  refused  to  participate  in  the 
study.  Two  wilderness  hikers  declined  to  be 
interviewed  because  of  lack  of  time. 

Sampling  was  conducted  on  weekends  in 
August  and  September  1969.  Only  heads  of 
recreationist  groups  were  interviewed.  The 
sampling  procedure  was  subject  to  problems 
commonly  encountered  in  sampling  recrea- 
tionists.  For  example,  accurate  use  estimates 
could  not  be  determined  for  wilderness  hikers. 
The  procedure  may  also  be  biased  by  length 
of  stay  because  recreationists  who  stayed 
longer  at  a  particular  area  were  more  likely 
to  be  included  in  the  study.  No  attempt  was 
made  to  evaluate  the  sources  of  bias  inherent 
in  the  sampling  procedure  or  to  weight 
responses. 

Interviewers  outlined  the  study  objectives 
and  explained  the  procedure  to  be  used  in 
filling  out  test  booklets.  If  problems  in  inter- 
pretation arose,  the  interviewer  explained 
that  he  was  interested  in  the  respondent's  own 
evaluation,  even  though  a  particular  adjective 
pair  did  not  seem  to  relate  directly  to  the 
concept. 

The  groups  were  not  entirely  mutually  ex- 
cluswe.  For  example,  campers  had  undoubt- 
edly picnicked  and  hiked  sometime  in  the 
past.  The  way  in  which  this  may  have  biased 
the  study  results  cannot  be  determined  pre- 
cisely; however,  it  can  be  expected  that  this 
would  reduce  the  variations  in  response  be- 
tween groups. 


ANALYSIS 

Scoring  the  Semantic 
Differential 

The  methods  used  to  score  the  semantic 
differential  test  instrument  and  analyze  data 
follow  procedures  outlined  by  Osgood.  The 
seven  ordinal-scale  positions  were  assigned 
interval  values  ranging  from  —3  (very  un- 
pleasant)  through  0   (neutral)   to   +3    (very 


pleasant).  In  this  way,  for  each  adjective  pair, 
a  numerical  score  was  obtained  for  each  re- 
spondent on  each  concept.  An  individual's 
factor  score  for  a  concept  was  calculated  by 
averaging  the  four  adjective-pair  scores  for 
that  factor.  With  this  procedure,  30  factor 
scores  were  calculated  for  each  respondent — 
one  score  on  each  of  the  three  factors  for  each 
of  the  10  concepts.  Mean  factor  scores  on  all 
concepts  were  calculated  by  averaging  the 
individual  respondent  factor  scores  by  recrea- 
tionist group. 

Differences  Between  Groups 

Simultaneous  chi-square  statistical  tests 
were  used  to  determine  if  the  distribution  of 
factor  scores  on  each  of  the  10  concepts  was 
the  same  between  groups  (table  2).  Statisti- 


Table  2. — Example  chi-square  test  procedure  used 
fo  determine  statistically  significant  differences  in 
distribution  of  factor  scores  between  recreation  user 
groups 


Distribution  of  individual 

factor  scores" 

Concept:  " 

Wilderness" 

— 

Recreationist 

Factor:  " 

Evaluation" 

group 

0 

.51 

1.50 

2.50 

to 

to 

to 

to 

.50 

1.49 

2.49 

3.00 

Auto  campers 

10 

18 

21 

11 

Wilderness  hikers 

0 

13 

28 

19 

Picnickers 

4 

18 

24 

14 

X-  =  15.1,  significant  at  .05  level. 

"The  contingency  scale  was  expanded  when  nega- 
tive factor  scores  were  encountered. 


cally  significant  differences  were  found  be- 
tween groups  for  1  or  more  factors  on  7  of 
the  10  concepts  studied  (figure  1). 

Whenever  chi-square  tests  revealed  a  dif- 
ference in  the  distribution  between  the  three 
groups,  paired  chi-square  tests  were  used  to 
test  for  differences  in  response  distribution 
between  any  two  of  the  three  groups  (table 
3).  Paired  tests  showed  statistically  signifi- 
cant factor  score  differences  on  six  of  the 
seven  concepts  for  which  differences  had  been 
found  using  the  three-way  tests. 
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Figure  1. — Mean  factor  score  data  profiles  and  chi-square  test 
results  for  comparisons  annong  recreationist  groups. 
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"Mean  factor  scores  theoretically  range  from  +3  to  — 3. 
*Significant  difference  at  .05  level. 
**Slgnlficant  difference  at  .01  level. 


Table  3. — Results  of  paired  chi-square  fests  for  comparisons  of  user  group  response  scores 


Recreation        _ 

user  groups" 

Factor' 

Concept 

Evalua- 

being compared 

tion 

Potency 

Activity 

Natural  environments:  ° 

National  forest 

AC  vs.  WH 

NT 

* 

NT 

WH  vs.  P 

NT 

* 

NT 

AC  vs.  P 

NT 

ND 

NT 

Wilderness 

AC  vs.  WH 

** 

ND 

NT 

WH  vs.  P 

ND 

* 

NT 

AC  vs.  P 

ND 

ND 

NT 

State  park 

ACvs.WH 

ND 

NT 

NT 

WH  vs.  P 

*  * 

NT 

NT 

AC  vs.  P 

* 

NT 

NT 

Lakes 

AC  vs.  WH 

ND 

*  * 

* 

WH  vs.  P 

ND 

ND 

ND 

AC  vs.  P 

ND 

ND 

** 

Other  user  groups: 

Auto  camper 

ACvs.WH 

*  * 

ND 

NT 

WH  vs.  P 

** 

ND 

NT 

AC  vs.  P 

ND 

ND 

NT 

Picnicker 

AC  vs.  WH 

ND 

*  * 

NT 

WH  vs.  P 

*  * 

*  * 

NT 

AC  vs.  P 

ND 

ND 

NT 

Resource  manager: 

Park  ranger 

AC  vs.  WH 

NT 

ND 

NT 

WH  vs.  P 

NT 

ND 

NT 

AC  vs.  P 

NT 

ND 

NT 

"Paired  tests  were  conducted  only  for  those  concepts  in  Figure  1  for  which  significant  differ- 
ences were  found  among  the  three  groups  using  the  three-way  chi-square  test. 

''AC  indicates  auto  campers;  WH  indicates  wilderness  hikers;  P  indicates  picnickers. 
'  *  indicates  significant  difference  between  two  groups  at  .05  level. 
**  indicates  significant  difference  between  two  groups  at  .01  level. 
NT  indicates  no  test,  because  significant  difference  was  not  found  using  the  three-way  chi-square 
test  (Fig.  1). 

ND  indicates  no  difference  between  the  two  groups. 


RESULTS  AND 
DISCUSSION 

Perception  of  Natural 
Environments 

As  would  be  expected,  study  results  sug- 
gested that  the  natural  environment,  taken 
as  a  wholistic  entity,  is  viewed  favorably  by  all 
recreationists.  The  three  groups  perceived  the 
natural  environment  concepts — National  For- 
est, Wilderness,  State  Park,  Lake,  Mountain, 
and  Wildlife — as  very  valuable,  moderately 
potent,  and  slightly  inactive.  Wildlife  was 
perceived  as  slightly  active  rather  than  in- 
active (fig.  1). 

Each  group  perceived  its  own  recreation 
environment  as  being  more  valuable  than 
other  groups  perceived  it.  For  example,  wilder- 
ness hikers  rated  Wilderness  significantly 
more  valuable  than  auto  campers  or  picnick- 
ers did.  Picknickers  rated  State  Park  as  sig- 


nificantly more  valuable  than  either  of  the 
other  groups  rated  the  concept,  and  both 
picnickers  and  auto  campers  rated  National 
Forest  as  more  valuable  than  wilderness 
hikers  did  (fig.  1). 

National  Forest. — The  concept  National 
Forest  was  perceived  as  very  valuable,  slightly 
potent,  and  slightly  inactive.  The  meaning  of 
National  Forest  was  consistent  across  groups 
except  on  the  potency  factor.  National  Forest 
was  perceived  as  being  significantly  less  potent 
(strong,  large,  rugged,  and  wide)  by  auto 
campers  than  by  wilderness  hikers. 

Although  the  reasons  for  this  are  obscure, 
it  is  plausible  that  auto  campers  may  feel  that 
they  have  tamed  the  potency  of  the  forest. 
Hot  showers,  flush  toilets,  and  their  elaborate 
camping  vehicles  enable  auto  campers  to  enjoy 
the  forest  in  comfort.  Recreation  activities 
are  centered  within  the  campground,  and 
social  activity  seems  to  be  a  major  motivation 
among  auto  campers. 


If  auto  campers  had  rated  the  forest  as 
potent,  they  would  have  negated  the  value  of 
their  expensive  motor-drawn  recreation  equip- 
ment. Wilderness  hikers,  in  contrast,  carry 
their  equipment  and  seek  to  enjoy  the  "po- 
tent" forest  in  its  primitive  state.  Picnickers' 
perception  of  the  potent  National  Forest  may 
be  due  to  limited  exposure  to  natural  forest 
surroundings  and  lack  of  equipment  with 
which  to  conquer  the  "potent"  forest  (table 
3). 

Wilderness. — Like  National  Forest,  Wilder- 
ness was  perceived  as  being  quite  valuable, 
slightly  potent,  and  slightly  inactive.  As  a 
group,  wilderness  hikers  perceived  Wilderness 
as  being  more  valuable,  more  potent,  and  less 
active  than  National  Forest. 

Wilderness  was  rated  significantly  more  val- 
uable by  wilderness  hikers  than  by  auto 
campers  (table  3).  It  would  not  have  been 
consistent  for  wilderness  hikers  to  score 
Wilderness  low  on  the  evaluation  factor  and 
at  the  same  time  undertake  the  strenuous 
activities  necessary  to  enjoy  a  wilderness  ex- 
perience. 

Wilderness  hikers  rated  Wilderness  as  sig- 
nificantly more  potent  than  picnickers  rated 
it  (fig.  1).  This  result  supports  the  notion  that 
wilderness  hikers  may  feel  challenged  by  the 
potent  natural  forces  of  the  wilderness  and 
take  pride  in  pitting  themselves  against  those 
forces.  Results  further  suggest  that  Wilderness 
is  perceived  as  more  exacting  in  terms  of  site 
requirements  than  other  kinds  of  recreation 
environments. 

State  Park. — As  with  the  other  five  con- 
cepts related  to  natural  environments.  State 
Park  was  seen  as  quite  valuable.  Except  by 
picnickers.  State  Park  was  perceived  as  being 
slightly  potent.  All  user  groups  perceived  the 
concept  State  Park  as  being  slightly  inactive 
(fig.  1). 

State  Park  was  significantly  more  valuable 
to  picnickers  than  to  either  of  the  other  groups 
(table  3).  Wilderness  hikers  scored  State  Park 
comparatively  low  on  the  evaluation  factor, 
conceivably  because  they  associate  such  parks 
with  crowded  campgrounds  and  picnic  areas 
in  an  environment  dominated  by  man — areas 
that  are  much  less  exacting  than  wilderness 
in  their  site  requirements. 


Lake. — The  concept  Lake  was  perceived  as 
the  second  most  valuable  concept  and  as  the 
least  potent  among  the  six  natural  environ- 
ment concepts.  Lakes  were  also  perceived  as 
slightly  inactive,  (fig.  1). 

Auto  campers  perceived  the  concept  Lake 
as  being  significantly  more  potent  than  wilder- 
ness hikers  did  and  as  significantly  more  active 
than  the  other  two  groups  did  (table  3).  These 
findings,  though  puzzling  at  first,  can  be  ex- 
plained logically.  Campers  seldom  spend  all 
their  time  camping  or  viewing  scenery,  but 
spend  much  of  their  time  participating  in 
water-oriented  activities.  Therefore  campers 
are  likely  to  perceive  a  lake  as  being  more  ac- 
tive than  wilderness  hikers,  who  perceive 
wilderness  lakes  as  serene,  or  picnickers,  who 
less  often  experience  lake-oriented  recreation. 

Mountain. — No  significant  differences  were 
found  in  the  way  in  which  the  three  groups 
perceived  the  concept  Mountain.  Mountain 
was  perceived  by  all  groups  as  being  quite 
valuable.  Of  the  six  concepts  used  to  describe 
the  natural  environment,  mountain  was  per- 
ceived as  being  the  most  potent  and  least 
active  (fig.  1). 

Wildlife. — No  differences  were  found  be- 
tween the  groups  in  the  meaning  of  the  con- 
cept Wildlife.  Although  perceived  as  being 
quite  valuable,  the  concept  was  seen  as  the 
least  valuable  of  the  environmental  concepts. 
It  was  rated  low  on  the  potency  factor  and 
was  perceived  as  being  the  most  active  of  all 
ten  concepts,  including  the  recreationists 
themselves  (fig.  1). 

Do  different  recreationists  perceive  natural 
environments  in  the  same  way?  This  question 
cannot  be  answered  simply,  but  the  foregoing 
discussion  suggests  that  perception  of  ele- 
ments in  the  natural  surroundings  depends  on 
the  kind  of  experience  a  particular  recreation- 
ist  group  is  seeking  and  the  way  in  which 
elements  of  the  natural  surroundings  enhance 
or  detract  from  their  experiences.  Of  the  six 
concepts,  only  Mountain  and  Wildlife  were 
perceived  as  being  essentially  the  same  by  all 
groups. 


Perception  of  Other 
Recreation  Groups 

Respondents  were  asked  to  rate  three  con- 
cepts— Camper,  Wilderness  Hiker,  and  Pic- 
nicker— to  determine  how  they  perceived  their 
own  group,  as  well  as  each  of  the  other  groups. 
With  a  few  important  exceptions,  recreation- 
ists  perceived  themselves  as  being  less  valu- 
able and  less  potent  but  more  active  than 
concepts  related  to  natural  environments  (fig. 

1). 

Auto  Camper. — All  groups  perceived  the 
concept  Auto  Camper  as  being  from  slightly 
to  quite  valuable.  Wilderness  hikers  perceived 
auto  campers  as  significantly  less  valuable 
than  themselves.  Picnickers  perceived  auto 
campers  as  significantly  more  valuable  than 
wilderness  hikers  did.  Although  the  three-way 
chi-square  test  showed  a  significant  difference 
in  the  potency  factor  ratings  for  Auto  Camper, 
paired  tests  did  not.  Auto  Camper  was  rated 
as  neither  active  nor  inactive.  Auto  campers 
saw  their  own  group  as  significantly  more  valu- 
able, but  less  potent  and  less  active  than  they 
perceived  wilderness  hikers  to  be. 

Wilderness  Hiker. — All  groups  rated  wilder- 
ness hikers  as  quite  valuable,  slightly  potent, 
and  slightly  active.  Wilderness  hikers  saw 
themselves  as  slightly  more  valuable  and  ac- 
tive than  the  other  groups  saw  them  (fig.  1). 
However,  no  significant  differences  were  found 
in  factor  ratings  for  the  concept.  Of  the  three 
groups,  wilderness  hikers  were  seen  in  a  con- 
sistently favorable  way,  not  only  by  them- 
selves, but  by  other  groups  as  well. 

Picnicker. — The  concept  Picnicker,  when 
compared  to  Wilderness  Hiker  and  Camper, 
was  perceived  as  less  valuable,  less  potent, 
and  less  active.  Wilderness  hikers  rated  pic- 
nickers as  significantly  less  valuable  than  pic- 
nickers saw  themselves.  Wilderness  hikers 
rated  picnickers  lower  on  potentcy  than  both 
picnickers  and  auto  campers  rated  the  con- 
cept (table  3). 

Surprisingly,  picnickers  rated  each  of  the 
other  groups  higher  on  all  three  factors  than 
they  rated  themselves.  In  his  study  of  recre- 
ationists  in  the  Quetico-Superior  Wilderness, 
Lucas  (1964)  discovered  a  one-way  resent- 
ment against  boaters  by  paddling  canoeists. 

Results  of  our  study  suggest  the  existence 


of  a  one-way  resentment  against  picnickers  by 
wilderness  hikers.  Lucas  also  found  that 
motoring  canoeists  preferred  meeting  paddling 
canoeists  rather  than  their  fellow  motoring 
canoeists.  Likewise,  the  picnickers  interviewed 
in  our  study  seemed  to  look  more  favorably 
upon  both  auto  campers  and  wilderness  hikers 
than  on  their  fellow  picnickers.  The  rela- 
tively low  rating  of  picnickers  by  the  three 
recreation  groups  may  be  due  to  the  fact  that 
the  concept  Picnicker  conjures  up  thoughts 
of  litter  and  untidyness,  by  a  group  of  recre- 
ationists  who  are  highly  transient  and  are  not 
viewed  as  a  permanent  part  of  natural  recre- 
ation environments. 

Could  it  be  that  the  image  of  a  recreation 
group  is  not  determined  by  the  nature  of  the 
activity  or  its  influence  on  the  natural  environ- 
ment, but  by  commonly  recognized  character- 
istics of  the  group?  Socio-economic  back- 
ground data  collected  in  our  study  suggest 
that  this  is  not  true.  Wilderness  hikers — the 
group  with  the  most  positive  image — had 
more  education  and  earned  more  money  than 
either  auto  campers  or  picnickers.  Picnickers, 
however,  had  more  education  and  earned  more 
money  than  auto  campers,  but  were  viewed  in 
a  relatively  negative  way.  Thus,  the  image  of 
a  recreation  group  is  apparently  not  deter- 
mined as  much  by  recognized  characteristics 
of  the  group  as  by  commonly  held  feeUngs 
about  the  nature  of  the  activity  in  which  the 
group  is  participating. 

Perception  of 
Recreation  Managers 

Park  Ranger. — Managers  of  recreation  en- 
vironments were  represented  by  the  concept 
Park  Ranger.  Although  the  concept  was  rated 
significantly  different  on  the  potency  factor 
when  responses  of  the  three  groups  were  com- 
pared (fig.  1),  paired  chi-square  tests  showed 
no  differences  (table  3).  The  meaning  of  Park 
Ranger  was  consistent  for  all  three  groups. 
The  concept  appears  to  mean  the  same  thing 
as  Wilderness  Hiker.  But  the  wilderness  hiker 
is  seen  as  slightly  more  active  and  a  little  less 
valuable. 

Do  different  groups  of  recreationists  per- 
ceive each  other  in  different  ways?  Study 
results   indicate   that   not   only   do   different 
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groups  perceive  other  groups  differently,  but 
they  also  see  themselves  as  "different".  This 
result  should  be  carefully  considered  in  devel- 
oping recreation  resources  that  are  intended 
to  meet  the  needs  of  several  groups  at  one 
time.  More  diversity  and  physical  separation 
of  groups  would  seem  desirable  where  feelings 
of  animosity  exist;  however,  the  exact  magni- 
tude and  direction  of  feelings  between  groups 
should  be  more  fully  investigated  before  man- 
agement prescriptions  are  issued. 

Study  results  suggest  that  participation  in 
a  certain  recreation  activity  conveys  a  par- 
ticular group  image.  Some  activities  project  a 
more  positive  or  desirable  image  than  others. 
Activities  that  require  considerable  physical 
effort,  such  as  hiking  a  wilderness  trail,  seem 
to  convey  a  positive  image,  while  activities 
that  involve  mechanized  travel  and  little  phys- 
ical effort  seem  to  convey  a  negative  image. 
Similarly,  activities  that  require  a  minimum 
disruption  to  the  natural  environment  in  terms 
of  permanence  and  facility  requirements  seem 
to  project  a  favorable  image. 

CONCLUSIONS 

This  study  demonstrated  the  use  of  the 
semantic  differential  technique  to  measure  the 
meaning  of  various  elements  that  influence 
perception  of  natural  environments  and  ex- 
periences. However,  results  are  tentative.  The 
semantic  differential  technique  must  be  tested 
more  rigorously  in  carefully  controlled  situa- 
tions before  results  can  be  applied  to  specific 
management  or  policy  decisions. 

The  three  general  factors — evaluation,  po- 
tency, and  activity — should  be  defined  more 
precisely,  using  sets  of  adjective  pairs  that 
relate  more  specifically  to  environmental  con- 
cepts. Also,  the  concepts  or  elements  of  con- 
cern need  to  be  defined  more  precisely.  In  our 
study,  very  general  concepts  were  considered 
to  demonstrate  the  approach.  Future  research 
should   include  base-line  concepts — concepts 


that  people  clearly  understand — the  meanings 
of  which  are  already  understood. 

Study  results  do  show  the  usefulness  of  the 
semantic  differential  as  a  tool  for  studying  the 
complex  process  of  environmental  perception. 
Some  of  the  more  important  and  immediate 
questions  that  could  be  approached  through 
use  of  the  technique  are : 

How  do  people  who  use  elements  of  natural 
environments  perceive  alternative  manage- 
ment programs  and  policies?  How  do  different 
interest  groups  perceive  environmental  issues? 
How  compatible  are  the  goals  and  expecta- 
tions of  various  natural  resource  users? 
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THE  FOREST  SERVICE  of  the  U.  S.  Depart- 
ment of  Agriculture  is  dedicated  to  the  principle  of 
multiple  use  management  of  the  Nation's  forest  re- 
sources for  sustained  yields  of  wood,  water,  forage, 
wildlife,  and  recreation.  Through  forestry  research, 
cooperation  with  the  States  and  private  forest 
owners,  and  management  of  the  National  Forests 
and  National  Grasslands,  it  strives  —  as  directed 
by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 
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